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Abstract 

The  purpose  of  this  research  study  was  to  examine  a 
proposal  to  reduce  C130E  Hercules  operating  costs  in  the 
Royal  Austral i an  Air  Force  (RAAF)  and  the  United  States  Air 
Force  (USAF)  by  increasing  cruise  speeds.  The  current  fuel 
conservation  po I icies  in  the  RAAF  and  USAF  do  not  consider 
the  effect  of  the  po I  icy  on  aircraft  operating  costs. 

RAAF  C130E  cost  data  were  found  to  be  i nva I  id.  The 
study  quantified  major  differences  in  the  depot  servicing, 
contract  servicing,  and  in-house  servicing  for  RAAF  C130E 
and  C130H  Hercules  aircraft.  The  study  suggests  that  the 
RAAF  should  improve  the  accuracy  of  C130E  cost  data  to  a  I  low 
a  va I  id  assessment  of  the  operating  costs  over  the  aircraft 
I  i f e  eye  I e . 

USAF  C130E  cost  data  was  readily  divided  into  fixed  and 
variable  costs.  The  variable  maintenance  costs  were  found 
to  be  more  than  double  the  hourly  fuel  costs.  FI ight  Manual 
data  and  mission  profile  data  were  used  to  show  that  the 
USAF  could  save  *94,613  to  *  1  , 979 , 227 (US)  in  1989  by  flying 
selected  in ;  3S  i  or.s  at  290  knots  instead  of  280  knots  true 
airspeed  (TAS) .  The  midpoint  of  the  calculated  savings  is 
*12.58(US)  per  flying  hour  which  represents  USAF  savings  of 
*  1 , 02 7 , 0 1 7 (US)  per  year  for  1989  cost  factors. 

The  Lockheed  MACPLAN  computer  fl ight  plan  system  was 
used  to  verify  the  theoretical  calculations.  Savings  of 

x  i  i 


*5.17(US)  to  *15. 18(US)  per  flying  hour  were  demonstrated 
using  290  knots  TAS  over  short  and  long  range  missions  with 
varying  payloads.  The  sensitivity  of  the  calculated  savings 
to  changes  in  fuel  and  maintenance  prices  was  also  examined. 

The  study  concludes  that  USAF  C130E  operating  costs  can 
be  reduced  by  increasing  cruise  speeds.  The  study 
recommends  that  the  USAF  introduce  290  knots  TAS  ciuise 
procedures  immediately  because  of  the  reduction  in  operating 
costs  and  because  there  are  no  implementation  costs. 


REDUCING  C130E  HERCULES  OPERATING  COSTS  IN  THE  ROYAL 
AUSTRALIAN  AIR  FORCE  AND  THE  UNITED  STATES  AIR  FORCE 
BY  INCREASING  CRUISE  SPEEDS 


I  .  I ntr oduct i on 


Over v i ew 

This  study  examines  a  proposal  to  reduce  the  operating 
costs  of  C130E  Hercules  aircraft  in  the  Royal  Austral i an  Air 
Force  and  the  United  States  Air  Force  by  increasing  cruise 
speeds.  The  proposal  would  result  in  payloads  being 
del ivered  to  their  destination  in  a  shorter  time  and  at  a 
reduced  cost. 

Since  the  world  oil  crisis  in  1973,  the  Royal 
Australian  Air  Force  (RAAF)  and  the  United  States  Air  Force 
(USAF)  C130E  Hercules  squadrons  have  conserved  fuel  by 
cruising  at  a  true  airspeed  (TAS)  of  280  knots.  The  C130E 
aircraft  are  now  16  years  older  and  the  relative  importance 
of  fuel  costs  and  maintenance  costs  may  have  changed 
considerably.  This  study  analyses  the  current  C130E 
operating  costs  for  the  280  knots  TAS  cruise  po I  icy. 

Current  costs  are  then  compared  to  the  operating  costs  for 
faster  cruise  speeds.  This  comparison  is  used  to  show  that 
C130E  cruise  speeds  can  be  reduced  by  increasing  the  cruise 
speed  above  280  knots  TAS. 

This  chapter  outl i nes  the  major  roles  of  the  C130E 
Hercules  within  the  RAAF  and  the  USAF.  Current  C130E 
Hercules  operating  policies  within  RAAF  and  USAF  are  then 
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described.  This  is  the  foundation  for  a  statement  of  the 
purpose  of  the  study  and  the  investigative  questions  which 
were  used  to  form  the  study  framework. 

T  erm i no  I oqy .  Terms  used  within  this  study  are  defined 
in  Appendix  A.  National  currency  is  abbreviated  within  this 
study  as  foil ows :  Amer ican  dollars  $ (US) ,  Austra I i an 
do  I  I ars  * (AUS)  ,  and  Canadian  do  I  I ars  *(CAN)  .  References  to 
gall  oris  in  this  paper  a  I  ways  descr  i  be  Amer  ican  gallons. 

The  Mission  of  the  C130E  Hercules 

The  C130  Hercu I es  is  a  four-engined  turbopropel ler, 
transport  aircraft  used  in  more  than  fifty  countries  around 
the  world.  Over  1,700  Hercules  aircraft  have  been  bu i i i  fui 
use  i n  many  d i fferent  types  of  military  and  civilian 
missions  such  as  cargo  transport,  medical  evacuation,  search 
and  rescue,  combat  operations  and  passenger  transport (39: 1 ) . 
Each  type  of  mission  has  a  different  rate  fuel  consumption 
and  different  sortie  length  (05:2-9).  Analysis  of  RAAF  and 
USAF  C130E  operating  po I i c i es  and  cost  performance  should 
therefore  take  cognizance  of  major  differences  in  the 
utilization  of  the  aircraft  by  the  two  ser v i ces . 

C130E  Mission  in  the  RAAF .  The  Royal  Austral i an  Air 
Force  (RAAF)  operates  12  C 1 30E  and  12  C130H  Hercules 
aircraft.  They  are  used  in  support  of  the  Austral ian 
Defence  Forces  and  in  support  of  the  civilian  community  when 
required  by  the  government.  The  range  of  these  missions 
varies  from  about  30  miles  to  over  3,000  miles.  The  primary 
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mission  of  the  C’30E  Hercules  in  the  RAAF  is  strategic  (long 
range)  transport.  Low  level,  tactical  and  airdrop  missions 
are  the  responsibility  of  the  C130H  transport  squadron  (41). 

C130E  Mission  in  the  USAF.  The  USAF  operates  244  C130E 
aircraft  and  14B  C130H  aircraft  (6).  The  USAF  does  not 
divide  the  roles  of  the  Hercules  aircraft  in  the  same  manner 
as  the  RAAF.  A I  I  operational  Cl  30  squadrons  in  the  USAF  can 
be  involved  in  a  combination  of  tactical  and  long  range 
transport  missions  (50). 

Current  C130E  Hercules  Operating  Policies 

In  1973,  the  Organization  of  Petroleum  Exporting 
Countries  (OPEC)  increased  the  price  of  oil  to  the  world 
community.  As  a  result,  the  price  of  aviation  fuel 
increased  from  $0.113(US)  per  gallon  to  *0.352 (US)  per 
gallon  (6).  This  was  the  first  of  many  increases  made  over 
the  following  decade.  The  price  paid  by  the  USAF  for 
aviation  fuel  peaked  in  1982  at  $1.31 (US)  per  gallon  and  has 
decreased  over  recent  years  to  $0.61 (US)  per  gallon  in  1989 
(6)  . 

In  the  conrmercial  aviation  industry,  the  concern  over 
fuel  costs  reflected  the  increases  in  OPEC  prices.  The 
price  of  fuel  was  10  percent  of  direct  operating  costs  in 
1973  and  increased  to  30  percent  of  operating  costs  in  1981 
(38:148).  The  reaction  of  most  civil  and  military  aircraft 
operators  to  the  rapid  increase  in  the  price  of  aviation 
fuel  was  predictable.  Pol icies  which  minimized  the  use  of 
fuel  were  evaluated  and  introduced.  Studies  by  the  United 
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States  Department  of  Energy,  Civil  Aeronautics  Bureau,  and 
the  United  States  Air  Force  considered  a  multitude  of 
methods  for  saving  fuel  (9 ; 25 ; 29 ; 30 ; 38 ; 49) . 

One  method  of  saving  fuel  considered  in  the  I i terature 
was  to  operate  the  aircraft  at  the  speed  which  resulted  in 
the  maximum  range  for  each  pound  of  fuel  used  (29;30;49). 

The  three  major  users  of  C130E  Hercules  transport  aircraft 
(USAF,  Canadian  Forces  and  the  RAAF)  decided  independently 
to  operate  their  C130E  aircraft  at  a  speed  of  280  knots  true 
air  speed  (TAS)  to  save  fuel  (23;41;57). 

In  1981,  the  Canadian  Forces  evaluated  their  C130E 
Hercules  operating  po I i c i es  and  included  the  effect  of  other 
operating  costs  such  as  maintenance.  Maintenance  costs  were 
in  the  order  of  60  to  70  percent  of  total  operating  costs  at 
that  time  (23:1).  When  the  relative  importance  of  all  cost 
components  was  considered,  this  Canadian  research  appeared 
to  indicate  that  the  fuel  saving  po I icies  for  C130E  Hercules 
aircraft  added  to  the  total  operating  costs:  each  dot  I ar  in 
fuel  saved  was  adding  almost  two  do  I  lars  to  the  aircraft 
maintenance  costs  (23:2).  Therefore,  the  Canadians 
introduced  a  po I  icy  which  emphasized  a  reduction  in  the 
number  of  flying  hours  by  flying  the  C130E  faster,  instead 
of  flying  slower  to  save  fuel  (23;35). 

In  contrast  to  the  Canadian  policy  of  saving  flight 
time,  the  C130E  Hercules  squadrons  of  both  the  RAAF  and  USAF 
have  maintained  po I icies  which  are  directed  at  minimizing 
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fuel  costs.  This  study  analyses  the  costs  for  these  two 
different  operating  policies. 

Purpose  of  the  Study 

This  study  analyses  the  current  po I icies  within  the 
RAAF  and  the  USAF  for  cruise  operations  of  C130E  Hercules 
aircraft.  This  analysis  is  used  to  test  the  hypothesis: 
Variable  operating  costs  of  RAAF  and  USAF  C130E  Hercules 
aircraft  can  be  reduced  by  increasing  the  cruise  speed  above 
the  current  normal  speed  of  280  knots. 

Investigative  Questions 

The  following  questions  were  investigated  during  this 
study : 

1.  In  civil  and  military  organizations  which  use  C130E 
Hercules  aircraft,  what  are  the  current  po I icies  which 
relate  to  minimizing  operating  costs? 

2.  What  are  the  cost  components  for  operating  a  C130E 
Hercu I es? 

3.  What  was  the  va I idity  of  Canadian  research  which 
recommended  that  C130E  aircraft  be  flown  at  faster  speeds 
than  those  used  in  the  RAAF  and  USAF? 

4.  Do  current  fuel  economy  po I icies  real ly  save 
money? 

5.  Using  current  operating  costs,  can  a  variation  in 
operating  speeds  be  proposed  which  results  in  a  reduction  in 
total  operating  costs? 
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6.  Can  a  flexible  operating  po I  icy  be  proposed  which 
accounts  for  major  variations  in  the  cost  of  one  component 
such  as  f ue I ? 

7.  Can  any  proposed  policy  change  be  easily  implemented 
through  the  incorporation  of  algorithms  into  the  fl ight 
planning  computers? 

Scope  and  Limitations 

The  analysis  in  this  study  is  I imited  to  the  cruise 
portion  of  f I ight  for  the  C130E  model  Hercules.  Extension 
of  conclusions  and  recommendations  to  other  types  of  C130 
Hercules  should  not  be  made  without  a  study  of  that  specific 
type  of  aircraft’s  operating  cost  structure. 

Direct  comparisons  should  not  be  made  between  any  C130E 
Hercules  operating  costs  in  the  RAAF  and  USAF  which  appear 
to  be  equivalent.  Each  military  service  utilizes  different 
methods  of  accounting  for  direct  and  indirect  operating 
costs.  Other  factors,  such  as  flying  rates,  type  of 
missions,  weather  and  aircraft  modifications,  could 
influence  the  cost  of  operating  aircraft  within  a  country. 

The  study  will  not  consider  increasing  current  engine 
power  settings  to  achieve  higher  cruise  speeds.  Increasing 
the  power  settings  may  increase  the  cruise  speed  but  the 
increased  power  may  be  at  the  expense  of  engine  I i fe  and 
increased  maintenance  costs  (52 : 5-8 ; 4 1 : 5-2) .  The 
calculations  made  in  this  s»-*jdy  have  been  made  on  the 
premise  of  maintaining  the  current  normal  cruise  power 
settings  at  a  lower  altitude  where  a  higher  cruise  speed  can 
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be  maintained.  At  the  lower  altitude  a  higher  cruise  speed 
is  therefore  achieved  with  an  increase  in  fuel  consumption 
but  without  any  detriment  to  maintenance  costs. 

Assumpt i ons 

The  cost  data  suppl i ed  by  the  Director  of  Costing  in 
Australia  and  the  Air  Force  Cost  Center  in  the  United  States 
are  assumed  to  be  accurate.  These  data  provide  the 
yardstick  for  analysis  within  each  country.  The  va I idity  of 
this  assumption  is  examined  in  Chapter  IV. 

The  Lockheed  f I ight  planning  computer  is  assumed  to 
accurately  predict  C130E  Hercules  performance 
characteristics  such  as  cruising  altitude,  range,  cruising 
speed,  fuel  consumption  and  the  duration  of  a  f I ight. 

The  aim  of  C130E  Hercules  operating  procedures  in  the 
RAAF  and  USAF  is  to  meet  the  mission  requirements  at  minimum 
total  cost.  Therefore,  conservation  of  fuel,  for  the  sole 
reason  of  conserving  a  resource,  is  not  treated  as  a 
limiting  criterion  of  operations  in  this  study. 

Organization  of  this  Study 

This  study  is  presented  in  six  major  sections.  Chapter 
I  out  I  i nes  the  background  to  current  C130E  Hercules 
operating  po I icies  In  the  RAAF  and  in  the  USAF  and  then 
outl  i nes  the  reason  for  this  study.  Chapter  I  I  reviews 
previous  research  about  direct  operating  costs  for  military 
and  civilian  aircraft.  The  methodology  used  to  prove  the 
study  hypothesis  is  described  in  Chapter  III.  The  analyses 
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of  C130E  operating  costs  and  mission  profiles  in  the  RAAF 
and  the  USAF  is  reported  in  Chapter  IV.  This  research  is 
the  foundation  for  analysis,  in  Chapter  V,  of  the  affect  of 
cruise  speeds  on  operating  costs  and  the  implementation  of 
higher  cruise  speeds.  The  conclusions  and  recommendations 
which  result  from  this  study  are  detailed  in  Chapter  VI. 
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II.  Literature  Review 


Over v i ew 

A  description  of  the  RAAF  and  USAF  regulations  which 
affect  the  operating  cost  of  the  C130E  Hercules  is  the 
initial  point  of  reference  for  this  I i terature  review. 

C i v i I i an  and  military  research  on  aircraft  operating  costs 
since  1973  are  then  reviewed  chronological ly.  The  research 
describing  aircraft  operating  cost  models  is  then  reviewed. 
Final  ly  a  Canadian  research  paper  on  operating  po I  icy  for 
the  Canadian  Forces'  C130E  aircraft  is  analyzed.  Weaknesses 
are  identified  in  the  validity  of  each  study.  Further 
analysis  in  Chapters  IV  and  V  is  therefore  required  to 
consider  the  operating  costs  of  C130E  Hercules  aircraft  and 
the  effect  of  cruise  speed  on  operating  costs. 

RAAF  Operating  Regulations 

RAAF  regulations  do  not  appear  to  give  any  guidance  to 
C 1 30  Hercules  aircrew  about  minimizing  the  total  cost  of 
aircraft  operations.  The  fuel  cost  Is  considereo  indirectly 
through  fuel  conservation  policies  (41:2-409).  C130 

Hercules  Standard  Operating  Procedures  require  aircrew  to 
conserve  fuel  by  flying  the  C130E  Hercules  at  a  speed  of  280 
knots  (41:2-409).  Aircr.ws  are  directed  to  "adopt  fuel 
conservation  practices  appropriate  to  the  circumstances  at 
the  t i me /stage  of  flight"  (41:2-409).  These  policies  appear 
to  be  directed  at  conserving  the  fuel  resource  and  do  not 
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appear  to  consider  the  relat ;ve  costs  of  fuel  and 
maintenance  on  total  operatin']  costs. 

USAF  Operating  Regulations 

USAF  regulations  appear  to  be  directed  towards  fuel 
conservation.  The  C130E  cruise  speed  of  280  knots  TAS  was 
introduced  after  the  first  world  oil  crisis  in  1973  (50). 
C130E  fuel  planning  is  required  to  be  in  accordance  with  the 
FI  i gh  t  Manua I  and  Military  Airlift  Command  Regu I  at i on  (MACR) 
55-19  (57:7,8).  These  orders  include  a  range  of  cruise 
speeds  from  220  to  300  knots  TAS,  but  do  not  require  any 
specific  cruise  speed  to  be  used  (52).  The  practice  within 
MAC  is  for  almost  all  f I ights  to  be  flown  at  280  knots  TAS 
(57).  All  of  the  examples  of  flight  planning  procedures  in 
MACR  55-130  use  a  cruise  speed  of  280  knots  TAS  (57:11-6,11- 
27 , 1  1 -38 , A1 1  - 1 -2 , A1 1 -2-4)  .  This  speed  is  also  the  default 
cruise  speed  in  the  MAC  flight  planning  computer  (17). 

Scope  is  given  for  the  aircraft  to  bo  flown  at  290  knots 
when  "mission  directed,"  but  this  direction  "occurs 
infrequently"  (50).  Some  MAC  navigator  and  medical 
evacuation  training  missions  are  flown  at  speeds  of  245  or 
260  knots.  These  training  missions  are  flown  for  a  fixed 
duration  and  therefore  are  flown  at  fuel  conserving  speeds 
(50)  . 

The  one  guiding  statement  to  USAF  aircrew  about  the 
selection  of  cruise  speeds  states  that  "the  particular 
cruise  schedule  must  be  selected  to  maximize  or  minimize  the 
parameter  that  will  assure  the  most  efficient  completion  of 
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the  mission"  (52:5-8).  Operating  costs  could  be  included  as 
one  of  the  parameters,  but  there  does  not  appear  to  be  any 
mention  of  operating  costs  to  USAF  aircrew  ( 50 ; 52 ; 56 ; 57 ) . 

Save  Costs  by  Sav i nq  Fue I 

In  1975,  Stengel  and  Marcus  studied  C-141A  Star  I  ifter 
fuel  conservation  through  the  use  of  energy  management. 

They  proposed  that  an  optimal  ft  ight  path  should  meet  the 
mission  requirements  at  minimal  cost  (49:464-465) .  They 
noted  that  it  was  common  for  the  cruise  segments  of  a  fl ight 
to  be  flown  one  or  two  per  cent  faster  than  the  speed 
designated  as  the  maximum  range  speed.  One  reason  advanced 
for  this  technique  is  the  reduction  of  time  related  costs 
(49:465) .  The  theory  of  this  technique  is  that,  for  a  smal I 
increase  in  fuel  consumption,  an  aircraft  can  be  flown  at  a 
faster  speed  and  reach  its  destination  in  a  reduced  number 
of  flying  hours.  The  cost  of  the  extra  fuel  is  recovered 
through  the  reduced  flying  hours  (9:267).  Stengel  and 
Marcus  proposed  that  the  price  of  fuel  was  so  high  in  1975 
that  any  cost  saving  by  flying  faster  than  fuel  conserving 
cruise  speeds  "may  be  negligible"  (49:465).  However,  no 
evidence  was  provided  to  support  this  proposal. 

In  1978  the  Dynamics  Research  Corporation  completed  a 
major  study  of  fuel  conservation  in  the  United  States  Air 
Force  (29;30).  This  study  quantified  possible  improvements 
in  operational  procedures  and  aircraft  structures  which 
would  reduce  USAF  fuel  consumption  for  the  B-52G,  the  B-52H, 
KC-135,  the  C-141,  the  C130E  and  the  C-5A.  The  authors 
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address  “a  controversy  in  I iterature  about  the  optimal i ty  of 
cruise"  (30:1-3).  The  optimum  cruise,  in  this  report,  is 
one  which  minimizes  the  quantity  of  fuel  used  (30:3-24). 
Mathematical  formulae  are  derived  for  the  energy 
requirements  for  minimum  fuel.  These  formulae  are  appl ied 
to  the  C-5A  Galaxy  and  C141  Starlifter  (30:B1-B12).  The 
results  of  this  two-aircraft  study  are  used  to  make  a 
general  conclusion  for  all  aircraft  in  the  study:  "Since 
these  two  aircraft  are  r epr esen ta t i ve  of  the  aircraft  under 
study,  it  is  most  I ikely  that  the  steady  state  cruise  is 
optimal  for  all  aircraft  under  study"  (30:3-24).  This 
general ization  could  be  criticized  because  the  two  aircraft 
used  to  represent  the  other  aircraft  in  the  study  were  jet- 
engined  aircraft  and  may  have  considerably  different 
performance  characteristics  than  those  of  the  C130E,  which 
is  powered  by  turbo-propeller  engines.  The  report 
recommended  that  the  USAF  C130E  Hercules  be  flown  at  the 
maximum  range  speed  of  about  265  knots  (30:7-144).  Fuel 
savings  of  5.2  per  cent  were  estimated  to  result  from  this 
change  in  po I  icy  (30:7-175)  .  The  USAF  does  not  appear  to 
have  implemented  the  report’s  recommendation  in  regard  to 
C130E  Hercules  cruise  speeds  because  280  knots  TAS  has 
continued  to  be  the  normal  C130E  cruise  speed  (50). 

Save  Costs  by  Saving  FI ight  Time 

At  the  symposium  on  Commercial  Aviation  Energy 
Conservation  Strategies  in  1981,  D.  Ferguson,  of  Eastern 
Airlines,  proposed  that  aircraft  operating  costs  could  be 
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saved  by  flying  faster  to  save  flight  time  (9).  He 
acknowledged  that  fuel  could  be  saved  by  flying  aircraft  at 
slower  speeds.  However,  he  noted  that  there  were  "economic 
penalties"  such  as  additional  maintenance,  crew  costs  and 
lost  revenue  which  resulted  when  this  fuel  saving  policy  was 
pursued  to  "its  ultimate  limit"  (9:260).  Slower  speeds 
increase  the  flight  time;  therefore,  the  direct  costs,  which 
are  calculated  at  an  hourly  rate,  are  higher.  Ferguson 
noted  that  high  fuel  costs  had  caused  most  air  I  i nes  to 
abandon  the  minimum  cost  method  of  cruising,  in  favour  of  a 
cruise  which  conserved  fuel  (9:263).  According  to  Ferguson, 
“the  difficulty  with  this  approach  is  that  it  works  well  for 
the  average  airplane  at  the  average  weight,  at  the  normal 
temperature,  in  the  no  wind  case,  but  not  everywhere  else" 
(9:263).  Ferguson  concluded  that  a  valid  technique  for 
saving  fuel  was  to  increase  the  cruise  speed  above  the 
maximum  range  speed  (9:267).  He  used  some  commercial 
aircraft  as  examples  to  show  the  potential  savings  from 
increased  cruise  speeds  for  aircraft  which  have  relatively 
small  changes  in  range  with  changing  airspeed  (9:267).  The 
C130E  Hercules  has  a  sma I  I  change  in  range  when  airspeed  is 
increased  above  the  maximum  range  speed,  as  shown  on  Figura 
1.  Therefore,  Ferguson’s  rroonmended  increase  i  r*  cruise 
speed  to  reduce  operating  costs  could  apply  to  the  C130E 
Hercu I es . 

Costs  Vary  with  Aircraft  Usage 

In  a  further  development  of  aircraft  operating  cost 
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Figure  1.  Schematic  C130E  Hercules  Performance  Chart 

po I  icy  in  1986,  McCarthy  proposed  that  when  aircraft  were 
used  for  a  few  hours  per  day,  the  cost  structure  was  very 
different  from  the  cost  structure  for  aircraft  which  flew 
for  about  20  hours  per  day.  He  used  the  airfreight 
forwarding  industry  as  an  example  of  aircraft  which  are  used 
for  about  four  hours  per  day.  Due  to  the  low  daily 
utilization,  the  fuel  costs  in  the  airfreight  forwarding 
industry  are  a  low  proportion  of  the  total  aircraft 
operating  costs  (24:107). 

I t  cou I d  be  argued  that  I  ow  utilization  of  mili tar y 
transport  aircraft,  such  as  the  C130  Hercules,  could  result 
in  a  cost  structure  similar  to  the  airfreight  forwarding 
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industry.  USAF  and  RAAF  C130E  aircraft  are  flown  for  an 
average  of  about  two  hours  per  day  (6;27).  The  low  aircraft 
utilization  by  the  military  was  a  factor  in  the  design  of 
the  Advanced  C i v i I /M i I i tar y  Aircraft  (28).  Lockheed  noted 
that  the  military  choice  of  aircraft  is  based  on  the  “life 
cycle  cost  of  the  aircraft,  mission  effectiveness  and 
mission  flexibility"  (28:6).  Commercial  considerations  are 
made  on  the  basis  of  "direct  operating  cost,  indirect 
operating  cost  and  the  return  on  investment"  (28:6).  Civil 
operators  were  driven  by  the  revenue  earning  capacity  of  the 
aircraft,  whereas  the  military  aircraft  selection  decision 
was  not  related  to  the  aircraft  revenue  earning  capacity 
(28:6)  . 

Aircraft  Operating  Cost  Models 

The  high  utilization  of  civilian  transport  aircraft  and 
the  high  cost  of  aircraft  acquisition  could  be  factors  in 
the  development  of  cost  models  which  demonstrate  the  earning 
capacity  of  the  aircraft  (4:3-1).  For  example,  the  Civil 
Aeronautics  Board  developed  the  "Conmuter  Flight  Analysis 
Program"  to  produce  confrere  i  a  I  profit  data  based  on 
utilization  and  load  density  (4:3-1).  These  models  are  not 
helpful  for  examining  the  cost  of  military  aircraft  because 
military  utilization  of  aircraft  is  low  and  because  the 
transport  of  military  passengers  and  cargo  Is  not 
necessarily  done  on  a  revenue-ear n i ng  basis.  The  two 
following  cost  models  for  C130  aircraft  were  considered  for 
use  in  this  study. 
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In  1978, 


Dynamics  Research  Corporation  developed  a  cost  model  for  the 
C130E  Hercules  (29; 30).  The  validity  of  this  model  may  be 
criticized  for  the  maintenance  cost  calculations,  the  use  of 
the  mission  profile  data,  and  the  methodology  for  estimating 
variable  costs. 

Maintenance  Costs.  The  report  uses  the  " I ncr ease  Id 1 
Reliability  Operational  System"  (IROS)  for  estimating  the 
direct  maintenance  costs  of  C130E  aircraft  (30:2-13).  “Due 
to  the  fact  that  certain  base  level  costs  for  unscheduled 
maintenance  and  certain  depot  costs  were  not  included  in  the 
IROS  data,"  this  study  doubled  the  IROS  figures  so  that  they 
would  be  more  “realistic"  (30:2-14).  The  decision  to  double 
the  IROS  data  "was  based  on  published  information"  (30:2- 
14).  Unfortunately,  the  source  was  not  given. 

Mission  Profile  Data.  The  study  used  mission  profiles 
from  the  Aircraft  Structural  Integrity  Management 
Information  System.  The  data  used  in  the  study  has 
questionable  va I idity.  Data  from  two  months  of  C130E  flying 
were  extracted  to  represent  all  C130E  flights  (30:3-26,7- 
130).  Using  only  two  months  of  data  can  distort  the  mission 
profile  data.  For  example,  the  monthly  flying  hours  for  MAC 
C130E  between  January  I960  and  May  1989  varied  between  1200 
hours  and  1700  hours.  During  the  same  period,  the 
percentage  of  flights  flown  on  the  type  of  missions  used  in 
the  Dynamic  Research  Corporation  study  varied  from  37 
percent  to  52  percent  of  the  total  flying  hours  (13).  A 


longer  time  period  might  have  removed  small  variations 
which  could  occur  in  monthly  data. 

Estimation  of  Variable  Costs.  The  methodology  used  by 
Dynamics  Research  Corporation  was  to  use  models  where  25, 

50,  75,  and  100  percent  of  maintenance  and  crew  costs  were 
considered  to  be  related  to  time.  These  models  do  show  a 
range  of  costs  and  it  may  be  possible  to  estimate  costs  by 
interpolating  between  the  models.  However,  cost  information 
available  today  distinguishes  between  “fixed  costs,"  which 
are  not  related  to  fl ight  time,  and  "variable  costs,”  which 
change  with  flight  time.  Therefore,  it  may  be  possible  to 
develop  more  accurate  models  of  operating  costs  using 
current  costing  methods. 

Lockheed  Study  of  RAAF  C130E  Costs.  In  May  1988, 
Lockheed  published  a  report  which  evaluated  the  cost 
effectiveness  of  the  RAAF  C130E  Hercules  aircraft.  Cost 
data  in  the  report  were  gathered  in  Australia  in  April  and 
May  1987  during  discussions  with  RAAF  personnel  and  the  RAAF 
C130E  civilian  contractor  (22:21).  The  methodology  within 
this  report  distinguishes  between  fixed  and  variable  costs 
(22:24).  Any  question  about  the  validity  of  this  report 
lies  not  in  the  methodology  but  in  the  source  data.  The 
validity  of  RAAF  C130E  cost  data  is  analyzed  in  Chapter  IV. 

Canadian  Forces  C130  Hercules  Research 

Over v i ew.  The  Canadian  Forces  C130  Hercules  operators 
endorse  the  concept  of  saving  operating  costs  by  saving 
flight  time  (23;35;51).  In  1981,  the  Canadian  C130  Hercules 
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squadrons  changed  from  using  a  long  range  cruise  po I  icy 


which  conserved  fuel  to  a  minimum  time  for  fuel  available 
(MTFA)  cruise  which  minimized  flight  time  (35:1).  A  study 
compared  the  total  cost  of  flying  the  Cl  30  Hercules  at  the 
long  range  cruise  airspeed  with  the  total  cost  when  the 
aircraft  was  flown  at  a  speed  to  minimize  the  flight  time 
(23).  In  the  study,  calculations  showed  that  the  long  range 
cruise  was  saving  the  Canadians  *5, 200 (CAN)  per  aircraft  per 
month  in  fuel  costs  (23:2) .  This  saving  was  achieved  by 
flying  at  a  slow  speed  but  increased  the  length  of  f I ights. 
The  additional  flight  time  cost  *11, 850 (CAN)  (23:2).  It  was 
costing  *11,850(CAN)  in  direct  operating  costs  to  save 
*5, 200 (CAN)  in  fuel  costs  (23:2).  The  Canadian  Forces 
changed  their  policy  and  began  to  fly  their  C130  Hercules 
aircraft  at  MTFA  to  minimize  flight  time  and  reduce  total 
operating  costs  (35;43)  .  This  po I  icy  was  endorsed  again  in 
1988  after  fuel  prices  had  reduced  to  a  “moderate  level" 
(51).  Serious  doubts  about  the  internal  and  external 
integrity  of  the  Canadian  study  are  detailed  in  the 
f o I  I ow i ng  ana  I ys i s . 

MTFA  Causes  Decreased  Sortie  Length.  The  unstated 
assumption  in  the  Canadian  study  is  that  the  MTFA  cruise 
technique  is  the  only  cause  of  the  change  in  sortie  length 
during  the  study.  The  study  compared  the  average  sortie 
length  for  the  Canadian  C130  fleet,  when  using  MTFA 
techniques  to  reduce  sortie  length,  with  the  sortie  length 
when  the  aircraft  were  flown  using  long  range  cruise 
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techniques  to  conserve  fuel.  The  average  sortie  length  was 
calculated  to  be  0.2  hours  shorter  when  MTFA  cruise 
techniques  were  used  (23:1).  No  other  possible  causes  for 
the  change  in  sortie  length  were  considered.  However,  a 
number  of  external  factors  could  have  been  considered. 

These  factors  include  possible  changes  to  the  C130E  mission 
during  the  study  period,  and  the  possibility  that  removing 
the  externa!  fuel  tanks  from  the  aircraft  may  have  caused 
more  refuel i ng  stops  and  therefore  caused  shorter  sortie 
lengths. 

Removing  External  Fuel  Tanks.  External  fuel  tanks  were 
removed  from  some  of  the  28  Canadian  Cl  30  Hercules  aircraft 
during  the  study  period  and  this  could  be  a  significant 
moderating  factor.  Up  to  23  C130  aircraft  had  their 
external  tanks  removed  while  the  aircraft  were  being  flown 
using  MTFA  techniques,  but  all  tanks  were  replaced  on  the 
aircraft  for  at  least  five  months  of  the  long  range  cruise 
part  of  the  study  (23:4).  The  effects  of  removing  the 
external  fuel  tanks  include  a  decrease  in  aircraft  weight 
and  a  decrease  in  aircraft  drag  (42 : 1 - 1 ; 52 : 1 -2) .  The 
Canadian  study  suggests  that  there  was  a  trend  towards 
higher  fuel  consumption  with  the  external  fuel  tanks 
removed.  An  increase  in  fuel  consumption  is  contrary  to  the 
C130E  FI ight  Manual ,  which  shows  that  one  effect  of  removing 
the  external  fuel  tanks  is  the  ability  for  the  aircraft  to 
cruise  800  feet  higher  (42:5-8).  Cruising  800  feet  higher 
results  in  a  decreased  fuel  consumption  of  about  100  pounds 
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per  hour  (42:2-5).  Another  effect  of  removing  the  external 
tanks  is  that  the  aircraft  can  fly  4  knots  faster  true  air 
speed,  which  would  have  reduce d  the  sortie  length  (42:5-31). 
The  removal  of  the  external  fuel  tanks  during  the  study  is 
therefore  a  significant  moderating  factor  and  raises  doubt 
about  the  internal  va I idity  of  the  Canadian  study. 

Average  Monthly  Fuel  Consumption.  The  va I idity  of 
using  average  monthly  fuel  consumption  in  the  Canadian  study 
could  be  questioned.  Monthly  fuel  consumption  during  the 
study  appears  to  vary  on  a  12  month  cycle  with  the  lowest 
average  fuel  consumption  being  about  550  gal  Ions  per  hour  in 
July  and  a  peak  in  fuel  consumption  being  over  610  gallons 
per  hour  in  April  each  year  (23:4).  The  study  states  that 
while  the  long  range  cruise  technique  was  being  used, 
average  fuel  consumption  per  month  was  573  gal  Ions  per  hour 
(23:2).  Fuel  consumption  increased  to  590  gallons  per  hour 
when  the  MTFA  cruise  was  used  (23:2).  These  average  figures 
were  derived  by  averaging  the  monthly  average  fuel 
consumption.  A  major  problem  with  this  technique  is  that  a 
month  with  few  flying  hours  is  weighted  more  than  a  month 
with  more  flying  hours.  A  better  technique  may  have  been  to 
relate  monthly  fuel  averages  and  flying  hours,  and  to 
consider  the  effect  of  the  type  of  cruise  over  a  12  month 
period  using  the  total  fuel  consumption. 

Aggregating  Results.  Aggregation  of  fuel  and 
maintenance  costs  for  different  model  C130  aircraft  could 


affect  the  accuracy  of  the  study  results.  The  data  used  in 
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the  Canadian  study  was  obtained  for  the  Cl  30  Hercules 
"fleet"  which  was  a  mixture  of  C130E  and  C130H  model 
Hercules  (23:1,2).  No  attempt  was  made  in  the  study  to 
differentiate  between  the  two  types  of  Hercules  aircraft. 

The  USAF  uses  an  average  fuel  consumption  of  763  gal  Ions  per 
hour  for  the  C130E  and  824  gallons  per  hour  for  the  C130H 
(65:2-5).  Therefore,  the  type  of  C130  aircraft  has  a 
considerable  effect  on  the  quantity  of  fuel  consumed. 
Similarly,  the  maintenance  costs  for  the  two  types  of  C130 
vary  considerably  (11).  The  USAF  uses  $978(US)  per  flying 
hour  for  C130E  direct  operating  costs  excluding  fuel,  and 
only  $833 (US)  for  the  C130H  Hercules  (55:2-5). 

General i zed  Benefits  of  MTFA.  The  benefits  of  the 
Canadian  study  may  have  been  exaggerated  by  extension  of  the 
benefits  to  every  type  of  mission  for  both  types  of  C130 
(23:2,3).  Training,  formation,  and  low  level  flying  are 
three  examples  of  missions  where  the  use  of  MTFA  techniques 
in  the  C130  Hercules  could  be  considered  unlikely.  The 
Canadian  study  does  not  refer  to  any  missions  in  which  the 
benefits  of  MTFA  were  not  achievable. 

Cone  I  us i on 

RAAF  and  USAF  C130E  Hercules  operating  regulations 
appear  to  be  directed  at  minimizing  fuel  costs  through 
conservation  of  fuel.  The  impact  of  maintenance  costs  on 
total  operating  costs  does  not  appear  to  be  considered. 
According  to  Ferguson,  a  policy  which  aims  to  minimize  fuel 
costs  may  not  minimize  total  operational  costs  (9:20). 
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After  the  price  of  aviation  fuel  increased  over  350  per  cent 
in  1973,  civil  and  military  cost  literature  focused  on 
minimizing  fuel  costs.  Stengel  and  Marcus  proposed  in  1976 
that  the  cost  saving  which  resulted  from  flying  an  aircraft 
faster  than  the  maximum  range  speed  "may  be  negligible" 
because  of  the  high  cost  of  fuel  (49:465) .  However,  no 
empirical  evidence  was  provided  to  support  this  proposal. 

The  Dynamics  Research  Corporation  report  in  1978  concluded 
that  USAF  C130E  aircraft  should  be  flown  at  265  knots  TAS  to 
conserve  fuel  (30:7-144).  The  report  assumed  that  the  cost 
structures  for  al I  aircraft  in  the  study  were  the  same  as 
the  cost  structures  of  the  jet-engined  B52  bomber  and  C141 
Star  lifter.  The  C130E  Hercules  has  turbo-propel  ler  engines 
and  therefore  the  cost  structure  may  be  different  from  the 
other  aircraft  in  the  study. 

Analysis  by  McCarthy  and  by  Lockheed  indicated  L,iat 
aircraft  utilization  affects  the  cost  structure  (24;28). 

The  uti I ization  of  the  C130E  Hercules  by  the  RAAF  and  USAF 
could  be  compared  to  the  utilization  of  aircraft  in  the 
freight  forwarding  industry.  In  that  industry,  fuel  costs 
are  not  considered  as  important  as  other  operating  costs 
(24: 107) . 

Ferguson  disagreed  with  the  emphasis  on  fuel  saving 
policies  in  1981.  He  recommended  that  cruise  speeds  be 
chosen  to  minimize  total  costs  rather  than  minimize  fuel 
costs  (9:260).  A  Canadian  Forces  study  showed  that  for  the 
C130  Hercules,  the  fuel  conserving  po I i c i es  were  costing 
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more  than  twice  the  value  of  the  fuel  saved  (23:2). 

Canadian  CJ30  Hercules  aircraft  were  ordered  to  fly  at  a 
faster  speed  and  minimize  direct  operating  costs  (43). 
However,  the  va I idity  of  the  Canadian  study  should  be 
considered.  These  considerations  include:  the  assumption 
that  Minimum  Time  for  Fuel  Available  cruise  was  the  only 
cause  of  reduced  sortie  length;  the  removal  of  the  external 
fuel  tanks  during  the  study  may  have  influenced  the  results; 
the  use  of  average  monthly  fuel  consumption  may  have  biassed 
the  results;  the  effect  of  aggregating  results  for  different 
model  CI30  aircraft  was  not  considered;  and  the 
genera  I  i zat i on  of  benefits  to  all  C130  Hercules  sorties, 
regardless  of  mission,  may  not  be  va I  id. 

Civi I i an  aircraft  cost  models  emphasize  the  revenue 
earning  capacity  and  the  return  on  investment  available  from 
an  aircraft.  These  considerations  are  not  part  of  mi  I  i tary 
cost  models.  A  Dynamics  Research  Corporation  cost  model  for 
USAF  CI30E  aircraft  has  questionable  val idity  because  of  the 
manipulation  of  maintenance  costs;  the  arbitrary  allocation 
of  time  related  costs  and  the  use  of  a  two  month  sample  of 
mission  profile  data  which  may  not  portray  the  real  mission 
spectrum  over  a  longer  period.  Lockheed’s  study  of  RAAF 
C130E  costs  is  only  as  good  as  the  data  suppl ied  by  the 
RAAF.  The  val idity  of  this  data  is  examined  in  Chapter  IV. 

Further  analysis  is  therefore  required  to  consider  the 
direct  operating  costs  for  the  C130E  Hercules  over  a  variety 
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of  airspeed  and  time  combinations  in  each  of  the  aircraft's 
missions.  This  analysis  is  provided  in  Chapters  IV  and  V. 
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III.  Methodo I oqy 


I n  tr oduc  t i on 

The  primary  goal  of  this  study  is  to  determine  if  the 
C130E  Hercules  operating  costs  can  be  reduced  by  increasing 
the  cruise  speed  from  the  current  280  knots  TAS.  This  goal 
was  achieved  by  defining  the  variable  operating  costs  for  a 
C130E  aircraft  at  280  knots  TAS  and  then  comparing  the  costs 
at  other  cruise  speeds.  The  results  of  this  comparison  were 
then  used  to  recommend  a  C130E  cruise  speed  which  reduced 
operating  costs.  The  findings  of  this  study  are  intended 
for  direct  appl ication  by  C130E  aircrews.  Therefore  an 
important  goal  of  this  study  is  that  any  proposed  changes  to 
C130E  cruise  speeds  be  based  on  proven  flight  manual  data 
and  that  the  recommended  cruise  speed  be  implemented  easily 
(26)  .  The  study  achieved  these  goals  in  seven  phases - 

Phase  One:  Investigation 

In  the  first  phase  of  research,  a  review  of  available 
literature  was  used  to  address  four  specific  investigative 
questions.  These  questions  were: 

1.  In  civil  and  military  organizations  which  use  C130E 
Hercules  aircraft,  what  are  the  current  po I icies  which 
relate  to  minimizing  operating  costs? 

2.  What  cost  models,  if  any,  are  available  which  could 
assist  with  developing  a  cost  algorithm  for  the  CI30E 
Hercu I es? 
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3.  What  was  the  vat idity  of  Canadian  research  which 

rec  mmended  that  C130E  aircraft  be  flown  at  faster  speeds 
than  those  used  in  the  RAAF  and  USAF? 

4.  What  are  the  cost  components  for  operating  a  C130E 
Hercu I es? 

Military  C130E  Hercules  Operators.  The  three  major 
users  of  C130E  Hercules  aircraft  are  the  Canadian  Forces, 
the  RAAF,  and  the  USAF  (39) .  The  current  C130E  Hercules 
operating  policies  were  readily  obtained  from  each  nation’s 
regulations  (41;57).  The  United  States  Defense  Technical 
Information  Center  (DTIC)  sources  were  searched  for  any  past 
C130E  Hercules  studies.  This  initial  search  was  then 
expanded  to  include  operating  po I i c i es  and  analysis  of 
aircraft  operating  costs  for  all  aircraft.  The  4950th  Test 
Wing  in  the  USAF  Aeronautical  Systems  Division,  Lockheed 
Dataplan,  and  Lockheed  Aeronautical  Systems  Company  were  the 
source  of  additional  research  reports.  Searches  were 
restricted  to  reports  publ  ished  after  1973,  when  the  oi  I 
crisis  changed  the  structure  of  aircraft  operating  costs  and 
increased  the  interest  in  operating  po I i c i es  and  cost  saving 
techn i ques . 

Civilian  C130  Hercules  Operators.  There  are  only  two 
civilian  users  of  C130  Hercules  aircraft.  Southern  Air 
operates  17  C130  aircraft  from  its  base  in  Miami,  Florida, 
and  Mark  Air  operates  three  C130  aircraft  from  a  base  in 
Anchorage,  Alaska.  All  of  these  aircraft  are  L382G  model 
Hercules  which  have  more  powerful  engines  and  are  larger  in 
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size  than  the  C130E  Hercules  (39: til).  Despite  these 
differences,  these  two  operators  were  included  in  the  study. 
It  was  anticipated  that  the  profit  motive,  inherent  in 
civilian  activities,  would  have  created  some  unique  insight 
into  operating  Hercules  aircraft  to  minimize  total  operating 
costs.  •' n  format  ion  about  t  >  ie  operating  po  I  icies  of  each 

company  was  obtained  using  telephone  interviews  with  the 
companies’  chief  C130  Hercules  pilots.  In  an  unstructured 
interview,  each  chief  pilot  was  asked  to  describe  the  cruise 
control  po I icies  for  C130  aircraft  within  his  company.  Any 
differences  between  the  company  policies  and  military 
po I icies  were  then  identified  and  discussed.  Each  chief 
pilot  was  then  asked  about  the  influence  of  direct  cost 
components  such  as  fuel  and  maintenance  on  operating 
pal icies. 

Civil i an  Research.  The  large  a i r I i nes ’  wealth  of 
experience  in  minimizing  total  operating  costs  could  not  be 
ignored  in  this  study,  despite  the  differences  between 
operating  civilian  Jet  aircraft  and  military  turbo  propeller 
aircraft,  such  as  the  C130  Hercules.  Dialog  Information 
Services  was  used  to  search  International  Aerospace 
Abstracts  for  available  studies  on  operating  cost  policies 
and  procedures,  outside  of  the  military  environment.  This 
search  was  conducted  despite  the  obvious  I  imitation  of 
commercial  aviation  companies  being  unwilling  to  divulge 
proprietary  information  to  competitors. 
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Canadian  Research.  The  Canadian  research  in  1981 
about  C130E  operating  costs  and  cruise  speeds  represented  an 
important  parallel  research  to  this  study  (23).  The  source 
data  used  in  Canadian  research  was  obtained  from  the  No 
426(T)  C130  Hercules  Training  Squadron  (36).  The 
methodology,  validity  ana  limitations  of  the  Canadian 
research,  and  its  conclusions,  were  then  clearly  identified. 

Cost  Data.  The  agencies  responsible  for  cost  data  in 
Austral ia  and  the  United  States  were  requested  to  supply 
data  on  C130E  Hercules  operating  costs.  Each  country's  data 
were  then  analyzed.  The  purpose  of  the  cost  data  and  the 
methodology  for  data  collection  were  examined.  Variations 
in  accounting  techniques  for  fixed  and  variable  costs  within 
the  data  were  established.  The  impact  of  different  cruise 
speeds  on  aircraft  operating  costs  could  then  be  derived  in 
terms  of  the  affect  on  variable  operating  costs. 

Phase  Two:  Selection  of  Mission  Profiles 

In  phase  two,  the  C130E  missions  which  could  normally 
be  flown  at  280  knots  TAS  or  higher  were  defined.  The 
spectrum  of  C130E  missions  was  obtained  from  the  aircraft’s 
structural  integrity  statement  (5;37).  This  statement 
summarizes  the  flights  of  every  C130E  aircraft  and  groups 
them  according  to  the  affect  of  each  f I ight  on  the 
structural  life  of  the  aircraft.  This  data  base  is  updated 
continuously  and  is  used  by  the  air  forces  in  each  country 
to  establish  representative  mission  profiles  (5;37).  RAAF 
and  USAF  Mission  Profile  Analysis  data  was  used  to  select 
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the  percentage  of  missions  which  could  be  flown  at  increased 
cruise  speeds. 

Phase  Three:  Testing  the  Hypothesis 

The  hypothesis  that  increasing  C130E  cruise  speeds 
above  280  knots  TAS  could  reduce  operating  costs  was  tested 
in  phase  three.  The  Cl  30  Performance  Manual  was  used  to 
obtain  data  on  the  fuel  consumption  at  specific  aircraft 
weights,  altitudes,  and  true  airspeeds.  The  effect  of 
cruising  at  260,  280,  and  290  knots  TAS  on  operating  costs 
was  calculated  using  the  Per f ormance  Manual  fuel  consumption 
data  and  the  cost  relationships  from  phase  one.  The 
difference  between  operating  costs  at  280  and  290  knots  TAS 
was  calculated  to  be  the  savings  from  the  higher  cruise 
speed.  The  product  of  the  hourly  savings  in  operating  costs 
and  the  missions  defined  in  phase  two  was  then  used  to 
estimate  annual  savings  which  could  be  achieved  at  the 
higher  TAS.  The  accuracy  of  the  potential  savings  was 
estimated  using  the  accuracy  of  each  component  in  the 
ca I cu I  at i ons . 

The  sensitivity  of  the  savings  to  changes  in  fuel 
prices  was  then  examined.  In  this  study,  increased  cruise 
speeds  are  used  to  reduce  flight  time  and  variable 
maintenance  costs,  but  these  speeds  are  achieved  by 
increased  fuel  consumption.  If  the  price  of  fuel  increased, 
the  decrease  in  maintenance  costs  could  equal  the  increase 
in  fuel  costs.  The  fuel  price  at  this  break  even  point  was 


29 


calculated  by  considering  maintenance  costs  to  be 
constant . 

Phase  Four:  Demonstration  of  Variation  in  Operating  Costs 

The  validity  of  the  mathematical  calculations  in  phase 
three  was  then  demonstrated  using  Lockheed's  computer  flight 
planning  system.  The  flight  planning  computer  has  C130E 
Hercules  performance  data  stored  for  daily  use  by  the  RAAF 
and  USAF  aircrews.  The  assistance  of  the  Lockheed  Dataplan 
Customer  Services  Department  was  obtained  for  the  submission 
of  flight  plans.  The  computer  allows  dynamic  variations  of 
aircraft  weight  and  altitude  over  the  duration  of  a  flight. 

A  range  of  feasible  missions  distances  and  aircraft  weights 
was  used  to  obtain  data  on  fuel  usage  and  flight  durations, 
at  the  available  speeds  of  260,  280  and  290  knots  TAS.  The 
fuel  usage  and  f I ight  duration  data  were  then  entered  into  a 
spreadsheet.  The  operating  cost  of  each  flight  was 
calculated  using  the  1989  cost  data  from  phase  one.  A 
direct  comparison  could  then  be  made  for  C130E  Hercules 
operating  costs  at  260,  280,  and  290  knots  TAS  over  a  range 
of  possible  aircraft  payloads  for  different  flight 
dur at i ons . 

Phase  Five:  Limits  on  Increasing  C130E  Cruise  Speeds 

In  phase  five,  the  potential  benefits  of  flying  the 
C130E  at  speeds  greater  than  290  knots  TAS  were  examined. 

The  cost  relationships  established  in  phase  one  were  used  in 
calculations  of  possible  maintenance  savings  at  the  higher 
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speeds.  Achieving  the  higher  speed  and  maintenance  savings 
requires  increased  fuel  consumption.  The  hourly  increase  in 
fuel  consumption  which  would  equal  the  maintenance  savings 
was  calculated.  The  calculated  increase  in  fuel  consumption 
represents  a  break  even  point,  beyond  which  the  variable 
costs  would  be  higher  than  the  current  280  knots  TAS  cruise. 

The  power  available  from  the  C130E  engine  imposes  a 
practical  I imit  on  cruise  speed.  The  Performance  Manual 
does  not  include  data  about  the  power  available  or  the  power 
required  for  a  particular  cruise  speed.  Lockheed 
Aeronautical  Systems  Company  resources  were  used  to  produce 
a  graph  (Figure  3)  which  shows  the  maximum  speed  which  a 
C130E  can  achieve  at  varying  altitudes  and  aircraft  weights 
using  normal  cruise  power. 

Phase  Six:  Implementation 

Implementation  of  new  cruise  speeds  requires  that 
aircrew  have  ready  access  to  the  necessary  aircraft 
performance  data  and  that  the  computer  fl ight  planning 
system  be  programmed  for  the  nominated  speed.  The 
availability  of  this  data  in  the  RAAF  and  USAF  was 
investigated  in  phase  six. 

As  part  of  the  implementation  process,  aircrew  could  be 
made  aware  of  the  operating  costs  for  each  f I ight.  This 
proposal  is  considered  in  phase  six  through  the  use  of  the 
f I ight  planning  computer  and  the  cost  equations  developed  in 
phases  three  and  four. 
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Phase  Seven:  Conclusions  and  Recommendations 

In  the  final  phase  of  the  study,  conclusions  are  drawn 
and  recommendations  are  made  on  implementation  of  higher 
C130E  cruise  speeds  to  reduce  operating  costs. 

Summary 

The  operating  costs  associated  with  different  RAAF  and 
USAF  C130E  Hercules  cruising  speeds  has  been  studied  in 
seven  phases.  In  first  phase,  the  current  regulations  and 
policies  about  operating  costs  of  military  and  civilian  C130 
Hercules  operators  were  investigated.  DTIC  and  Dialog 
searches  were  made  of  aircraft  operating  costs  and  po I i c i es 
since  1973.  The  relationship  between  the  components  of 
current  operating  costs  for  RAAF  and  USAF  C130E  Hercules 
aircraft  was  then  established. 

In  the  second  phase,  representative  mission  profiles 
were  obtained  from  the  C130E  aircraft’s  fatigue  analysis  to 
account  for  the  spectrum  of  missions.  These  profiles  were 
used  to  estimate  the  missions  which  could  be  flown  at 
airspeeds  of  280  knots  TAS  and  higher. 

The  hypothesis  that  C130E  operating  costs  could  be 
reduced  by  cruising  at  increased  cruise  speeds  was  tested 
for  static  conditions  of  weight  and  altitude  in  the  third 
phase.  The  operating  costs  for  different  TAS  were 
calculated  using  current  cost  data.  Potential  cost  savings 
were  calculated  for  the  C130E  cruising  at  290  knots  TAS 
instead  of  280  knots  TAS.  The  sensitivity  of  the  cost 
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savings  to  variations  in  fuel  and  maintenance  prices  was 
then  calculated. 

In  the  fourth  phase,  dynamic  testing  in  the  Lockheed 
f I ight  planning  computer  was  used  to  provide  data  on  fuel 
usage  and  f I ight  duration  at  260,  280,  and  280  knots  TAS 
under  varying  conditions  of  aircraft  weight,  altitude  and 
f I ight  duration.  A  spreadsheet  analysis  of  the  f I ight  plans 
enabled  a  direct  comparison  of  the  operating  costs  at  each 
a i rspeed . 

Practical  I imits  on  C130E  TAS  were  examined  in  the 
fifth  phase.  Knowledge  of  these  I  imitations  is  important  to 
the  implementation  of  higher  cruise  speeds  which  was 
considered  in  the  sixth  phase.  In  the  seventh  phase  of  the 
study,  conclusions  were  drawn  and  recommendations  were  made 
on  implementation  of  higher  C130E  cruise  speeds  to  reduce 
operating  costs. 
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IV. 


Analysis  of  Cost  Data  and  Mission  Profiles 


Over v i ew 

The  analysis  in  Chapter  I  I  of  earl  ier  research 
regarding  Cl  30  operating  costs  revealed  some  inaccurate  cost 
data  and  inaccurate  use  of  mission  profiles  to  predict 
potential  savings.  This  chapter  will  validate  RAAF  and  USAF 
cost  data  and  identify  the  missions  which  could  be  used  in 
this  study  to  estimate  savings  in  operating  costs.  The 
research  and  findings  are  presented  in  four  sections. 

In  the  first  section,  the  po I i c i es  for  minimizing 
variable  operating  costs  by  civilian  C130  operators  are 
examined  for  any  insight  which  may  be  applied  to  the  study 
of  military  C130  operating  costs.  Then,  in  the  second  and 
third  section,  the  operating  costs  for  C130E  aircraft  in  the 
RAAF  and  the  USAF  are  analyzed.  The  aim  of  this  analysis  is 
to  validate  the  available  cost  data  and  distinguish  between 
those  costs  which  are  fixed  and  those  costs  which  vary  with 
the  flight  duration.  In  the  fourth  section,  the  missions 
which  could  be  flown  at  increased  cruise  speeds  are 
identified  and  separated  from  the  missions  which  cannot  be 
flown  at  increased  cruise  speeds. 

The  research  about  the  variable  costs,  which  change 
with  the  flight  duration,  and  the  missions  which  can  be 
flown  at  increased  cruise  speeds,  is  the  foundation  for 
testing  the  study  hypothesis  in  Chapter  V. 
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Section  1:  Civilian  C130  Hercules  Operations 

The  L3826  model  Hercules  is  the  only  model  of  the  Cl  30 
Hercules  which  is  used  commercially  in  the  United  States 
(39:107).  This  aircraft  is  larger  and  has  more  powerful 
engines  than  the  C130E  Hercules  (39:84).  Despite  these 
differences,  the  civilian  operators  were  included  in  the 
study  because  the  competition  of  deregulated  air  transport 
could  make  these  companies  more  responsive  to  minimizing 
costs  than  the  mil itary  operators.  In  an  unstructured 
telephone  interview,  the  chief  C130  Hercules  pilot  for  each 
of  the  two  civi I ian  companies  was  asked  to  describe  the 
cruise  control  policies  for  his  company’s  C130  aircraft. 

Any  differences  between  the  company  po I i c i es  and  mil itary 
policies  were  then  identified  and  discussed.  Each  chief 
pilot  was  then  asked  to  describe  the  influence  of  direct 
cost  components,  such  as  fuel  and  maintenance,  on  operating 
po I icies  within  the  company. 

Southern  Air  Transport.  Southern  Air  Transport 
operates  17  L382G  model  Hercules  aircraft  from  a  base  in 
Miami,  Florida.  Southern  Air  is  responsible  for  many 
military  transport  contracts,  including  Loga i r .  Only  one  of 
the  17  aircraft  is  fitted  with  under  wing  fuel  tanks  because 
the  majority  of  the  company  fl Ights  do  not  require  extra 
fuel.  Southern  Air  prefers  the  reduced  operating  costs 
which  results  from  the  removal  of  the  external  fuel  tanks. 
The  maximum  cruising  altitudes  for  Southern  Air  Hercules 
aircraft  Is  27,000  feet  because  of  Federal  Aviation 
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Administration  cer t i f i cat i on  requirements.  Normally  the 
company’s  C130  aircraft  cruise  at  true  airspeeds  of  between 
280  and  300  knots  TAS  depending  on  the  range  a. id  payload  of 
the  task.  The  Department  of  Defense  pays  for  most  of  the 
company’s  fuel  and  therefore  maintenance  and  crew  costs  are 
the  primary  direct  operating  expenses  for  the  company  (12). 
Company  po I  icy  is  to  reduce  maintenance  costs  by  minimizing 
f I ight  time.  However,  paying  aircrew  by  the  hour  could  have 
the  effect  of  increasing  flight  time  (15).  The  company  uses 
a  computer  flight  plan  system  to  expedite  the  flight 
planning  process,  ensure  flight  planning  accuracy,  and 
minimize  flight  time.  The  computer  is  programmed  to 
minimize  fl ight  time  by  using  direct  tracks  between 
airfields  whenever  possible.  The  computer  also  evaluates 
the  reduced  flight  time  which  could  result  by  improved  tail 
winds  or  decreased  headwinds  if  the  aircraft  is  flown  up  to 
30  degrees  either  side  of  the  direct  track  (12). 

Mark  Air.  Mark  Air  operates  three  L382G  model  C130 
aircraft  from  a  base  in  Anchorage,  Alaska.  These  aircraft 
are  used  primarily  for  carrying  heavy  toads  over  short 
distances.  Typical  operations  require  a  take  off  at  142,000 
pounds  and  a  landing  at  135,000  pounds.  On  flights  which 
are  less  than  one  hour  duration,  the  aircraft  are  usually 
flown  at  a  cruising  altitude  of  20,000  feet.  The  maximum 
cer t i f i ed  ce i  I  i ng  of  the  aircraft  is  27, 600  fee t .  On  I onger 
f I ights,  the  aircraft  are  flown  at  true  airspeeds  of  280 
knots  if  fitted  with  under  wing  fuel  tanks  and  290  knots 
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without  the  under  wing  tanks.  The  general  operating  po I  icy 
of  the  company  is  to  save  ft ight  time  because  "fuel  is 
cheaper"  (59).  The  company  leases  C130  aircraft  at  times. 
The  leased  aircraft  are  flown  to  minimize  flying  time 
because  charges  are  levied  at  a  fixed  rate  per  flying  hour. 
Mark  Air  uses  a  computer  f I ight  plan  system  similar  to  that 
of  Southern  Air  to  assist  pilots  and  management  minimize 
f I i ght  t ime  (59) . 

Both  Southern  Air  Transport  and  Mark  Air  place  more 
importance  on  the  affects  of  maintenance  costs  and  fl ight 
time  than  on  saving  fuel  costs.  These  polices  are  opposite 
to  the  RAAF  and  USAF  fuel  conservation  po I i c i es . 

The  costs  of  operating  RAAF  C130E  aircraft  wi  I  I  now  be 
val  I  dated  and  divided  into  costs  which  are  fixed  and  costs 
which  vary  with  fl ight  time. 

Section  2:  Cost  Data  for  RAAF  C130E  Aircraft 

The  Costing  Section  within  the  Resources  and  Financial 
Programs  Division  of  the  Austral i an  Department  of  Defence 
calculates  a  standard  cost  per  flying  hour  for  each  type  of 
Australian  military  aircraft.  The  primary  purpose  of  this 
rate  is  to  "recover  costs  for  the  use  of  Defence  aircraft  by 
other  departments  and  organizations”  (47:2).  The  rates  are 
also  used  as  a  basis  for  cost  assessments  for  exercise 
approvals  and  are  the  only  authoritative  estimate  of  RAAF 
C130E  operating  costs  (47:2). 
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Australian  Costing  Section  Terminolo 


The  Austral i an  Department  of  Defence  Costing  Section 
uses  the  term  "full  cost"  when  referring  to  the  total  of 
"direct  costs,"  "on  costs,"  and  "capital  costs"  for  each 
flying  hour  (47:2,3).  Terminology  used  by  the  Costing 
Section  is  defined  in  Appendix  B.  The  simpl i f i ed  summary 
of  key  Austral i an  costing  terminology  which  fol lows,  is  an 
essential  foundation  for  analyzing  the  validity  of  the  RAAF 
cost  data. 

Direct  Costs.  Direct  costs  include  petrol,  oil,  and 
lubricants  (POL);  maintenance  by  civilian  contract  and  by 
RAAF  personnel;  replacement  spares;  and  aircrew  costs. 
Maintenance  by  RAAF  personnel  is  cal  led  In-House  Servicing 
( 4B : 3)  . 

On  Costs.  On  costs  include  the  administrative  costs 
incurred  in  supporting  a  flying  squadron  and  the  cost  of 
supplying  medical,  dental,  office  accommodation  and 
u t i  I  i t i es .  The  adm in i str at i ve  costs  are  calcul a ted  as  a 
percentage  of  direct  operating  costs.  For  example,  15 
percent  of  the  fuel  and  oil  costs  and  20  percent  of  the 
spares  costs  are  added  as  "standard  departmental  on  costs" 
(47:4)  . 

Cap i t a  I  Costs .  Capital  costs  include  the  amortization 
of  the  original  purchase  of  the  aircraft  and  the 
amortization  cost  of  modifications  made  to  maintain  or 
improve  the  aircraft  capab i I ity.  These  capital  costs  are 
calculated  over  the  expected  life  of  the  aircraft  (47:4). 
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Allocation  of  Fixed  and  Variable  Costs 

The  aim  of  this  study  is  to  evaluate  the  impact  of 
faster  cruise  speeds  on  C130E  Hercules’  operating  costs. 
Fixed  costs,  which  do  not  vary  with  changes  in  the  number  of 
flying  hours,  need  to  be  separated  from  the  variable  costs, 
which  change  when  the  number  of  flying  hours  change. 

Fixed  Costs.  Capital  costs  are  dependent  on  the 
initial  cost  of  the  aircraft,  the  cost  of  modifications, 
aircraft  age,  and  the  expected  service  I i fe  of  the  aircraft 
(47:3).  Therefore,  capital  costs  are  considered  to  be  fixed 
in  this  study.  The  Director  of  Costing  considers  that  On 
Costs  are  so  unresponsive  to  changes  in  direct  cost^  that 
they  should  be  regarded  as  fixed  (48) .  Therefore  On  Costs 
have  been  defined  as  fixed  costs  in  this  study. 

Var i ab I e  Costs .  All  Direct  Costs,  except  crew  costs, 
have  been  considered  to  be  variable  in  this  study.  In 
military  aviation  it  could  be  argued  that  the  crew  costs  are 
fixed  on  an  annual  basis  and  do  not  vary  with  the  changes  in 
the  number  of  flying  hours.  USAF  aircraft  operating  cost 
calculations  do  not  include  aircrew  costs  because  they  are 
"relatively  fixed  and  do  not  vary  directly  with  a  change  in 
flying  costs"  (54:9).  In  this  study,  crew  costs  are 
considered  to  be  fixed. 

RAAF  030  Maintenance  Schedule 

A  change  in  the  RAAF  Cl  30  maintenance  schedule  during 
this  study  may  have  confused  the  distinction  between  fixed 
and  variable  maintenance  costs.  Until  I  March  1989,  C 1 30 
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periodical  maintenance  was  scheduled  according  to  a 
combination  o*  elapsed  days  and/or  flying  hours  (3).  In  the 
context  of  this  study,  a  reduction  in  flying  hours  by  flying 
the  aircraft  at  a  higher  speed  could  have  had  an  impact  on 
the  maintenance  schedule  and  direct  maintenance  costs.  On  1 
March  1989,  the  RAAF  introduced  a  revised  maintenance 
schedule  which  was  based  only  on  the  number  of  elapsed  days 
since  the  last  servicing  (3). 

The  new  RAAF  maintenance  po I  icy  appears  to  have  the 
effect  of  making  ail  maintenance  on  the  C130  aircraft  into  a 
fixed  cost.,  independent  of  the  number  of  flying  hours  flown. 
Using  this  revised  maintenance  plan,  an  aircraft  flown 
continuously  is  scheduled  for  maintenance  at  the  same 
frequency  as  an  aircraft  which  does  not  fly  at  all.  The  new 
maintenance  schedule  does  include  some  variable  maintenance 
requirements.  Checks  are  made  on  some  aircraft  equipment 
based  on  the  number  of  times  the  equipment  is  used  or  the 
number  of  flying  hours.  For  example,  the  main  landing  gear 
torque  strut  must  be  inspected  every  5,500  landings  and  the 
engine  starter  must  be  inspected  every  4,000  flying  hours 
(3:01,02).  Many  items  on  the  maintenance  schedule  require 
inspection  and  repairs  are  carried  out  only  when  required. 

A  change  in  flying  rate  may  affect  the  physical  condition  of 
the  aircraft  when  inspected  and  result  in  a  variable 
maintenance  requirement  (33).  A  comparison  of  the  old  and 
new  maintenance  schedules  is  included  at  Appendix  C. 
Evaluation  of  the  val  idity  of  this  new  maintenance  po I  icy 
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and  the  division  of  scheduled  maintenance  into  variable  and 
fixed  costs  are  beyond  the  scope  of  this  study. 

Va I idity  of  RAAF  Cost  Data 

The  va I idity  of  the  RAAF  cost  data  for  C130  Hercules 
aircraft  is  questionable.  Comparison  of  the  costs  for  the 
C130E  and  the  C130H  model  Hercules  in  the  RAAF  shows  that 
the  fuel  costs  are  the  only  source  of  variation  in  direct 
operating  costs.  The  variation  in  fuel  costs  seems  to  be 
logical  because  the  C130E  average  fuel  consumption  is  2,340 
I i tres  per  hour  and  the  C130H  fuel  consumption  is  2,520 
litres  per  hour  (10).  Some  variation  in  the  spares, 
contract  servicing  and  in-house  servicing  could  be 
anticipated  because  the  C130E  aircraft  are  22  years  old  and 
the  C130H  aircraft  are  about  10  years  old  (11:6). 

Aggregation  of  Data.  Investigation  revealed  that  the 
RAAF  aggregates  the  spares,  in-house  maintenance,  and 
contract  maintenance  costs  for  its  12  C130E  and  12  C130H 
Hercules  aircraft.  In  the  absence  of  any  other  guidance, 
the  Costing  Section  then  divides  these  costs  equally  between 
the  two  types  of  Cl  30  aircraft  when  preparing  the  flying 
hour  cost  rates  (48).  Further  examination  of  the  validity 
of  Costing  Section  data  was  therefore  undertaken  as  part  of 
this  study.  The  Costing  section  data  for  the  RAAF  C130E  and 
C130H  is  shown  in  Table  I. 

Depot  Maintenance  of  RAAF  C 1 30  Aircraft 

Research  by  Foster  and  Hunsaker  into  "The  Effect  of 
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Tab  I e  I 


Comparison  of  the  Operating  Costs  per  Flying  Hour 
for  RAAF  C130  Aircraft  in  1988  /  1989 
Source:  Extracted  from  47:2 


Operating  Costs 

C130E 
* (AUS) 

C130H 
* (AUS) 

Direct  Costs 

Petrol  and  0 i 1 

648 

698 

Spares 

643 

643 

Contract  Servicing 

494 

494 

In-House  Servicing 

639 

639 

Crew  Costs 

123 

123 

Total  Direct  Costs 

*2,547 

*2,597 

Fu 1 1  Costs 

Direct  Costs 

2,547 

2.597 

On  Costs 

713 

720 

Cap i ta 1  Costs 

272 

734 

Total  Fu 1 1  Costs 

*3,532 

*4,051 

Aircraft  Age  and  Flying  Hours  on  Maintenance  Costs"  showed 
that  in  the  USAF  there  is  a  gradual  trend  for  increasing 
C130  depot  maintenance  costs  with  aircraft  age  (11:6).  This 
study  includes  C130A,  C130E,  and  C130H  aircraft.  In  1983 
the  cost  of  depot  maintenance  for  a  five  year  old  C130  was 
*290(US)  per  flying  hour,  at  10  years  *350(US),  at  15  years 
*405(US),  and  at  20  years  *451 (US)  per  flying  hour  (11:6). 
The  RAAF  C130E  aircraft  are  22  years  old  and  the  C130H 
aircraft  are  10  years  old.  Therefore,  according  to  the 
study  of  Foster  and  Hunsaker,  there  should  be  a  difference 
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between  the  depot  maintenance  costs  for  the  RAAF  C130E  and 
C130H  aircraft. 

The  planned  working  hours  for  depot  servicings  of  RAAF 
C130  aircraft  indicate  that  there  is  a  significant 
difference  between  the  maintenance  costs  of  C130E  and  C130H 
aircraft.  In  1989,  20,260  manhours  were  scheduled  for  each 
depot  servicing  of  a  C130E  aircraft  compared  with  13,040 
manhours  for  the  newer  C130H  aircraft  (20:1).  Modifications 
of  the  C130E  required  3,720  of  the  difference  in  manhours. 

An  additional  3,500  manhours  is  attributable  to  the 
additional  servicing  required  for  C130E  aircraft  for 
corrosion  and  other  “age-related  problems"  (20:2).  The 
division  of  manhours  planned  for  RAAF  depot  maintenance  of 
Cl 30  aircraft  is  shown  on  Table  II. 


Table  II 

Planned  Allocation  of  Manhours  per  Aircraft  for  Depot 
Levei  Maintenance  of  RAAF  Cl  30  Aircraft  in  1989 
Source:  Adapted  from  20:3 


Type  of  Maintenance 

C130E 

(Manhours) 

C130H 

(Manhours) 

Depot  Servicing  and  Rectifications 

16,000 

12,500 

Airframe  Modifications 

3,000 

0 

Avionics  Modifications 

1 ,260 

540 

TOTAL 

20,260 

13,040 
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Contract  Servicing  of  RAAF  C130  Aircraft 

Further  confirmation  that  the  maintenance  costs  of  RAAF 
C130E  and  C130H  aircraft  were  not  identical  was  obtained 
from  the  depot  servicing  manpower  costs  performed  by  the 
RAAF  civilian  contractor,  QANTAS,  for  the  period  from  June 

1987  to  May  1989  (32).  The  range  of  manpower  hours  for 
C130E  maintenance  was  9,165.6  to  25,048  while  the  range  for 
C130H  aircraft  was  5,687.2  to  10,526  manpower  hours.  This 
range  of  hours  can  be  attributed  in  part  to  the  different 
types  of  maintenance  which  were  performed  by  the  contractor 
(32:1).  For  example,  the  contractor  has  been  responsible 
for  repainting  six  C130E  aircraft,  which  each  required  over 
2,500  manpower  hours.  None  of  the  RAAF's  C130H  aircraft 
were  repainted  by  the  civilian  contractor  during  1987  and 

1988  (32:2). 

The  RAAF  may  request  the  contractor  perform  different 
types  of  C130E  maintenance  including  scheduled  Depot  Level 
Maintenance  (DLM) ,  scheduled  R3  servicing,  aircraft 
painting,  modifications  and  aircraft  repairs.  Therefore,  it 
is  difficult  to  compare  the  manhours  worked  on  C130E  and 
C130H  depot  servicing.  The  available  data  for  some  aircraft 
did  not  divide  the  manhours  worked  on  different  maintenance 
tasks.  If  complete  data  was  not  available,  planning 
estimates  of  the  manhours  required  to  perform  each  task  were 
used  to  estimate  the  manhours  required  for  contract  depot 
servicing  on  each  aircraft  (32:1,2).  When  all  of  the 
different  types  of  maintenance  are  separated,  the  range  of 


44 


manpower  hours  for  the  depot  servicing  on  the  C130E  Hercules 
is  7,178.8  to  13,722  with  a  standard  deviation  of  2,013.2. 
The  C130H  has  a  range  of  4,803.8  to  6,724.4  manpower  hours 
and  a  standard  deviation  of  653.9  for  the  same  maintenance 
schedule.  The  higher  variability  for  the  C130E  Hercules 
could  be  expected  with  the  varying  maintenance  requirements 
for  the  older  aircraft.  The  manpower  hours  used  for  each 
C130H  and  C130E  Hercules  aircraft’s  contract  maintenance,  in 
the  period  1  July  1987  to  29  May  1989,  is  shown  in  Appendix 
D  (32) . 

Actual  data  from  1  July  1987  to  29  May  1989  confirm  the 
difference  in  RAAF  C130E  and  C130H  contract  maintenance 
costs.  The  range  of  costs  for  C130E  contact  servicing  in 
the  period  was  *346 , 91 7 (AUS)  to  * 1 , 024 , 463 (AUS)  while  the 
range  of  C130H  costs  was  *  1 94 , 283 ( ADS)  to  *433 , 983 ( AUS) 

(34).  Costing  Section  does  not  account  for  the  different 
types  of  servicing  performed  by  the  contractor  (48). 
Therefore,  without  accounting  for  changes  in  the  value  of 
the  dollar  each  year,  the  average  cost  of  C130E  contract 
servicing  was  *656 , 555 ( AUS)  while  the  average  cost  of  the 
C130H  over  the  same  period  was  *305 , 894 (AUS) .  The  cost  data 
for  contract  servicing  of  C130  Hercules  aircraft  for  1987  to 
1989  is  included  at  Appendix  E. 

The  cost  data  above  represents  the  difference  in 
manpower  costs  (34).  Any  additional  costs,  for  spares  and 
materials  required  to  maintain  the  older  C130E  aircraft, 
should  be  added  to  the  difference  in  manpower  costs.  The 
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obvious  conclusion  is  that  the  cost  of  C130  contract 
maintenance  should  not  be  apportioned  equally  between  the 
C130E  and  C130H  Hercules. 

Costing  Section  Averaging  Technique.  The  technique 
used  by  the  Austral i an  Costing  Section  to  determine  the 
contract  servicing  is  also  questionable. 

The  contract  servicing  element  is  based  on  actual 
expenditure  over  the  previous  five  financial  years 
divided  by  the  actual  flying  hours  achieved  over  the 
same  period.  Previous  years’  expenditures  are 
escalated  to  current  fiscal  year  dollars  by  applying 
an  escalation  index.  (47:2) 

From  Foster’s  and  Hunsaker’s  study,  the  cost  of  depot 
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level  maintenance  for  C130  aircraft  is  expected  to  increase 
with  aircraft  age  (11).  The  Costing  Section’s  use  of  a 
simple  average  of  the  last  five  years  contract  servicing  may 
bias  the  cost  estimate  toward  the  lower  costs  at  the 
beginning  of  the  five  year  period.  The  result  of  the 
costing  section  technique  could  be  to  underestimate  the 
contract  maintenance  cost.  The  use  of  regression  analysis 
may  give  more  accurate  estimates. 

In-House  Servicing 

Differences  appear  to  exist  between  the  cost  of  RAAF 
C130E  and  C130H  In-House  servicing.  In-House  maintenance 
for  RAAF  C130  Hercules  aircraft  is  the  responsibility  of  486 
Maintenance  Squadron.  Personnel  at  486  Squadron  work  on 
both  C130E  and  C130H  aircraft.  Accurate  records  are  not 
kept  of  the  manpower  hours  expended  on  each  aircraft  type 


for  day  to  day  f I ight  I i ne  maintenance.  However,  records  of 


486  Squadron  manpower  used  for  scheduled  R3  servicings  show 
that  the  average  amount  of  overtime  required  to  complete  an 
R3  servicing  on  schedule  differs  for  the  C130E  and  C130H. 

The  average  CI30H  requires  100  to  150  manhours  of  overtime 
compared  with  350  to  500  manhours  for  the  C130E  (20:2) . 

In  an  attempt  to  obtain  some  indication  of  the 
differences  between  the  daily  maintenance  requirements  for 
RAAF  C130E  and  C130H  aircraft,  a  survey  was  distributed  to 
all  Senior  Non  Commissioned  Officers  (SNCOs)  at  486  Squadron 
who  had  supervisory  responsibilities  for  C130  Hercules 
maintenance.  Supervisors  were  requested  to  indicate  their 
opinion  of  the  daily  C130E  and  C130H  manpower  requirements 
for  f I ight  I ine  maintenance.  Scope  was  given  for  the 
supervisors  to  indicate  that  there  was  no  difference  between 
the  manpower  hours  required  for  maintenance  of  the  two 
aircraft  or  to  estimate  a  percentage  difference.  A  copy  of 
the  survey  is  at  Appendix  F. 

The  total  population  of  19  SNCOs  was  surveyed  over  the 
period  from  8  June  1989  to  21  July  1989.  Responses  were 
received  from  all  19  SNCOs. 

Based  on  the  survey  results,  the  validity  of  assuming 
that  maintenance  requirements  for  RAAF  C130E  and  C130H  are 
the  same  is  questionable.  Of  the  19  respondents,  17,  or 
89.4  percent,  indicated  that  the  RAAF  C130E  Hercules 
required  more  manhours  of  fl ight  I ine  maintenance  than  the 
C130H  Hercules.  One  respondent  indicated  that  there  was  no 
difference  between  the  fl ight  I ine  manpower  requirements  for 


47 


the  two  aircraft  types.  The  other  respondent  indicated  that 
the  C130H  fl ight  I ine  maintenance  required  more  manpower 
than  the  C130E.  The  survey  results  are  summarized  in 
Appendix  G.  RAAF  maintenance  supervisors  clearly  do  not 
believe  that  the  maintenance  requirements  for  the  C130E  and 
C130H  are  the  same. 

Spares 

As  part  of  this  study,  an  attempt  was  made  to  define 
separately  the  spares  costs  for  RAAF  C130E  and  C130H 
aircraft.  Assistance  was  sought  from  Support  Group  One  in 
the  RAAF ’ s  Headquarters  Support  Command.  This  group  is 
responsible  for  the  purchase  of  spares  for  Austral i an  C130 
aircraft.  The  spares  purchased  are  not  identified  for 
specific  use  on  either  the  C130E  or  the  Cl 30H  model 
Hercules.  In  the  Australian  financial  year  ending  30  June 
1989,  <9.2  million(AUS)  worth  of  spares  was  purchased  for 
C130  aircraft.  In  the  absence  of  any  empirical  data,  the 
Officer  in  Charge  of  Support  Group  One  suggested  that  a 
division  of  the  spares  costs  equally  between  the  C130E  and 
C130H  could  be  reasonable.  His  "educated  guess"  was  that 
the  "older  C130E  aircraft  would  require  more  spares  support 
than  the  newer  C130H  aircraft”  but  he  emphasized  the  lack  of 
proof  for  such  a  guess  (46) . 

An  accurate  estimate  of  the  spares  costs  for  the  C130E 
and  C130H  aircraft  could  be  made  by  using  each  aircraft's 
maintenance  records  to  track  each  part.  The  removal  of 
parts  from  one  aircraft,  for  use  in  another  aircraft,  would 
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limit  the  validity  of  this  technique  (40).  The  task  of 
tracking  the  use  of  spares  could  not  be  completed  without 
the  expenditure  of  significant  human  and  computer  resources 
and  is  beyond  the  scope  of  this  study.  The  cost  and  benefit 
of  such  a  task  needs  to  be  fully  studied  before  resources 
are  committed. 

RAAF  Fuel  Costs 

The  variation  of  fuel  prices  at  different  RAAF  bases, 
as  well  as  changes  in  world  oil  prices,  affects  the  average 
RAAF  fuel  price  (19).  The  RAAF  pays  for  fuel,  on  a  contract 
basis,  at  different  rates  at  each  base  depending  on  the 
quantity  required  and  the  transport  costs.  On  1  April  1989, 
the  contract  prices  for  jet  fuel  varied  from  20.92  cents  per 
litre  to  37.25  cents  per  litre  at  different  RAAF  bases 
(18:2,3).  The  1988/89  fuel  budget  was  based  on  an  average 
price  of  27.25  cents  per  I itre.  Average  prices  of  jet  fuel 
since  January  1988  have  varied  in  the  range  of  30.23  to 
22.41  cents  per  litre  as  world  oil  prices  change  (18:4). 

The  changes  in  the  RAAF  average  jet  fuel  prices  are  shown  in 
Appendix  H  (18:4).  The  average  fuel  price  planned  in  the 
budget  could  be  used  in  cost  analysis  studies;  however,  the 
variability  of  prices  should  be  accounted  for  in  sensitivity 
ana  lysis  (19). 

Summary  of  RAAF  C130  Cost  Data  Va I idation 

Research  data  obtained  during  this  study  identified 
quantifiable  differences  between  the  depot  servicing  and  the 
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contract  servicing  performed  on  RAAF  Cl 30E  and  C130H 
aircraft.  When  surveyed,  89.4  percent  of  all  486  Squadron 
maintenance  supervisors  stated  that  f I ight  I ine  in-house 
servicing  of  CI30E  aircraft  requires  more  resources  than 
maintenance  of  C130H  aircraft.  Opinions  of  supply 
executives  also  indicates  that  the  C130E  Hercules  could 
require  more  spares  support  than  the  C130H.  However,  neither 
of  these  opinions  could  be  substantiated  because  there  is  no 
record  of  the  division  of  RAAF  in-house  maintenance  and 
spares  data  for  the  C130E  and  C130H  aircraft. 

The  va I  idity  of  the  Costing  Section  data  could  be 
questioned  because  of  the  inaccuracies  which  have  been 
demonstrated  in  this  study.  While  the  purpose  of  the 
Costing  Section  data  is  cost  recovery,  the  data  is  the  only 
authoritative  source  for  aircraft  operating  costs.  There  is 
a  temptation  to  use  the  cost  data  for  cost  analysis  studies 
and  life  cycle  cost  studies.  The  RAAF  needs  to  correct 
these  deficiencies  in  the  cost  data  before  any  analysis  can 
be  made  for  the  tradeoff  between  increasing  fuel  consumption 
and  decreasing  maintenance.  Va I  id  cost  data  would  also 
allow  accurate  consideration  of  the  life  cost  of  RAAF  C130E 
and  C130H  aircraft.  Further  study  of  the  new  RAAF 
maintenance  schedule  may  also  be  required  to  determine 
variable  and  fixed  cost  components. 

The  cost  data  for  the  USAF  C130E  Hercules  wi  I  I  now  be 
analyzed  and  divided  into  fixed  and  variable  costs. 
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Section  3:  Cost  Data  for  USAF  C130E  Aircraft 

The  cost  of  operating  USAF  C130E  aircraft  is 
coordinated  by  the  Cost  Programs  Division  in  the  Air  Force 
Cost  Analysis  Directorate.  This  agency  updates  Air  Force 
Regulation  (AFR)  173-13,  which  "presents  program  and  cost 
factors  primarily  used  to  develop  and  estimate  operating  and 
support  costs  or  resource  requirements  for  Air  Force  weapon 
systems"  (55:1).  AFR  173-13  identifies  "Life  Cycle  Factors" 
and  "Budget  Year  Cost  Factors"  (55:1).  Life  Cycle  Factors 
are  the  cumulative  average  of  actual  expenditures  from  the 
initial  operation  of  a  weapons  system  "projected  out  to  some 
future  budget  year"  which  corresponds  to  the  system  "average 
economic  life"  (55:1).  Budget  Year  Factors  are  used  to 
frame  the  budget  in  a  specific  year  and  take  into  account 
anticipated  changes  in  the  logistics  costs  of  a  weapon 
system  (55:1).  The  Budget  Year  Factors  have  been  used  in 
this  study  because  the  analysis  is  "confined  to  a  specific 
budget  year"  (55:1). 

USAF  Cost  Programs  Division  Terminology 

When  preparing  the  cost  data,  the  USAF  distinguishes 
between  fixed,  variable,  and  semi  variable  costs. 

F i xed  Costs .  Fixed  costs,  such  as  depreciation,  remain 
the  same  even  when  the  level  of  activity  changes  (55:2). 
“Fixed  costs  such  as  the  fixed  cost  of  operating  a  support 
base  the  fixed  costs  of  a  higher  headquarters  and  the  fixed 
cost  of  operating  an  air  logistics  center  are  not  included" 
in  AFR  1 73-13  (55:2) . 
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Variable  Costs.  Variable  costs  are  expected  to  change 
in  proportion  to  a  change  in  activity  (55:2). 

Semivar iable  Costs.  Semivariable  costs  have  "both 
fixed  and  variable  characteristics"  (55:2).  Depot 
maintenance  and  support  equipment  are  USAF  examples  of 
semivar iable  costs  (55:2).  The  fixed  operating  cost 
component  of  a  semivar iable  cost  is  identified  as  the  "cost 
per  primary  aircraft  authorized  (PAA)  and  the  variable 
component  is  identified  as  a  "cost  per  flying  hour”  (55:2). 

USAF  Fuel  Cost  Data 

The  United  States  Department  of  Defense  has  a  complex 
system  of  setting  fuel  prices.  The  fuel  pricing  system  and 
the  Defense  Department  fuel  budget  system  is  described  in 
Appendix  I  (44).  The  result  of  Department  of  Defense  fuel 
price  regulation  is  that  USAF  management  can  plan  and 
operate  its  fuel  budget  in  a  stable  pricing  environment 
despite  some  changes  in  world  oil  prices  (45). 

A  composite  jet  fuel  price  is  used  in  the  AFR  173-13 
cost  regulation.  The  composite  price  is  based  on  the 
average  USAF  consumption  of  two  types  of  jet  fuel.  A  jet 
fuel  designated  as  JP4  determines  93  percent  of  the 
composite  price  and  7  percent  of  the  composite  price  depends 
on  the  price  of  a  fuel  designated  as  JP8  (55:3).  The  price 
of  both  grades  of  fuel  for  fiscal  year  1989  is  *0.61 (US)  per 
gallon  and,  therefore,  the  composite  jet  fuel  price  used  in 
USAF  fuel  cost  estimations  is  also  *0.61 (US)  per  gallon 
(55 : At tachment  13).  The  composite  jet  fuel  price  is 
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estimated  several  years  in  advance.  For  example,  the  fiscal 
year  1989  estimated  composite  jet  fuel  price  is  *0.61 (US); 
for  fiscal  year  1990  the  price  is  *0.55(US),  and  for  fiscal 
year  1991  the  price  is  *0.58(US)  per  gallon  (55 : Attachment 
13).  The  price  of  fuel  for  the  next  financial  year  is 
normally  set  by  September  of  the  preceding  year  so  that  all 
sections  of  the  Department  of  Defense  can  complete  their 
final  budget  plans.  In  the  event  of  a  major  change  to  world 
prices  an  amended  fuel  price  may  be  issued  to  take  effect 
part  way  through  a  fiscal  year,  but  this  is  very  unusual . 

The  last  mid  year  change  to  the  composite  jet  fuel  price 
occurred  in  1980  (45). 

The  composite  jet  fuel  price  is  not  always  used 
throughout  the  USAF.  Depending  on  the  purpose  of  a  fuel 
cost  estimate,  AFR  173-13  allows  for  "major  command,  budget 
appropr i at i on  consumption  rates  and  stock  fund  standard 
prices”  to  be  used  for  fuel  calculations  (55:3).  Any  doubt 
about  the  fuel  cost  figures  used  by  C130E  Hercules  operators 
needed  to  be  resolved  before  any  potential  cost  savings 
could  be  proposed  in  this  study.  The  Air  Force  Cost  Center 
confirmed  that  the  composite  price  of  *0.61  (US)  per  gallon 
should  be  used  for  1989  studies  of  C130E  costs  for  the 
Military  Airlift  Cormrand ,  the  Air  Na  t  i  ona  I  Guard  and  the  Air 
Force  Reserves  (7). 

Analysis  of  USAF  C130  Hercules  Cost  Data 

The  USAF.  uni  ike  the  Austral  i an  Defence  Department, 
clearly  identifies  fixed  and  variable  costs  (55:8).  All  18 
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different  types  of  C130  Hercules  in  service  with  the  USAF 
have  unique  cost  factors  which  relate  to  the  aircraft 
mission  and  historical  expenditure.  Replenishment  spares 
costs  are  the  only  costs  which  are  identical  for  al I  of  the 
C130  Hercules  data  in  AFR  173-13  (55:8).  The  logistics  cost 
factors  used  by  the  USAF  are  defined  in  Appendix  J. 

Replenishment  Spares.  Air  Force  Logistics  Command 
prepares  estimates  of  the  replenishment  spares’  costs  for 
AFR  173-13  using  the  Air  Logistic  Early  Requirements 
Technique  (ALERT).  This  model  estimates  the  replenishment 
spares  costs  for  a  weapon  system.  The  weapons  system 
includes  all  of  the  different  models  of  a  particular  design. 
For  example,  the  Cl  30  Hercules  weapons  system  includes  every 
different  type  of  C130  aircraft.  The  USAF  identifies  a 
particular  model  of  a  weapons  system,  such  as  the  C130E,  as 
the  "mission  design  series  level"  (1).  Like  the  RAAF ,  the 
USAF  has  no  capab i I i ty  at  the  present  time  to  estimate 
replenishment  spares’  costs  for  a  particular  model  aircraft 
such  as  the  C 1 30E  ( 1 ) .  The  va I i d i ty  of  ass i gn i ng 
replenishment  costs  equally  to  each  model  of  C130  regardless 
of  age  or  mission  could  be  a  weakness  of  the  AFR  173-13  data 
and  is  being  investigated  (1). 

Fuel  Costs.  The  fuel  cost  data  presented  in  AFR  173-13 
are  calculated  using  an  Operations  and  Maintenance  (0&M) 
average  fuel  consumption  figure  for  each  aircraft  type 
(55:3).  For  example,  the  C130E  fuel  cost  figure  of  *576(US) 
per  hour  is  calculated  by  multiplying  the  Operations  and  . cp 
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Maintenance  average  fuel  consumption  rate  of  781  gal  Ions  per 
hour  by  the  composite  fuel  price  of  <0.737 (US)  per  gallon 
(55:20).  The  fuel  consumption  rates  vary  significantly 
between  different  major  users  for  each  aircraft  type.  For 
example,  the  C130E  aircraft  in  Military  Airlift  Command  have 
an  average  fuel  consumption  budget  of  763  gal  Ions  per  hour 
(55:20).  The  fuel  cost  for  Military  Airlift  Command  C130E 
aircraft  decreases  from  <566 (US)  to  <562 (US)  per  flying  hour 
when  using  the  1987  composite  jet  fuel  price  of  <0.737 (US) 
per  gallon.  Appendix  <  shows  the  planned  fuel  consumption 
rates,  in  gal  Ions  per  hour,  for  different  USAF  C130  Hercules 
users  for  the  1989  fiscal  year  (55:20) . 

Conversion  of  Pounds  of  Fuel  to  Gal  Ions.  The  density 
of  fuel  varies  with  temperature  and  a  standard  conversion 
rate  was  required  for  this  study.  The  standard  for  JP4 
grades  of  jet  fuel  is  for  the  weight  to  be  in  the  range  of 
6.69  to  6.26  pounds  per  gallon  (31).  The  Air  Force  cost 
center  uses  a  single  rate  of  6.4  pounds  per  gal  Ion  for  JP4 
fuel  in  all  cost  calculations  and  this  conversion  rate  has 
been  used  in  this  study  (21;53). 

Conversion  of  AFR  173-13  Data  to  Fiscal  Year  1989 . 

Dollar  amounts  for  different  fiscal  years  should  normally  be 
converted  to  the  same  fiscal  year  (55:3).  The  logistics 
cost  factors  in  AFR  173-13  are  for  fiscal  year  1989  but  are 
shown  in  terms  of  fiscal  year  1987  dollars  (55:8). 

Conversion  of  1987  do  I  I ars  to  1989  do  I  I ars  is  achieved  by 
using  inflation  factors.  Inflation  indices  are  publ ished 
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for  each  different  USAF  budget  allocation  such  as 
procurement  and  operations  and  maintenance.  Using  the  1987 
base  year,  the  inflation  indices  for  all  C130  budget 
allocations,  except  fuel,  are  1.071.  The  inflation  indices 
for  fuel  is  1.241  (55:15).  In  calculating  the  1989  dollar 

costs  for  operating  C130E  aircraft,  the  Defense  Fuel  Supply 
Center  price  for  fuel  of  *0.61  (US)  per  gal  Ion  has  been  used, 
because  this  price  gives  more  accurate  costs  than  the 
inflation  indices  (21).  Appendix  L  shows  the  calculations 
for  converting  the  AFR  173-13  cost  factors  to  1989  dollars. 
The  total  variable  cost  for  operating  a  USAF  C130E  is 
*1,524(US).  Subtracting  the  fuel  cost  of  *476(US),  the 
variable  maintenance  cost  is  *1,048(US).  These  costs  may  be 
expressed  as  a  generalized  equation  for  C130E  operating 
costs  as  fol lows: 

Average  C130E  variable  direct  operating  costs 

=  Average  fuel  costs  +  Variable  maintenance  costs 

Using  AFR  173-13  cost  data  converted  to  1989  do  I  lars,  1989 
operations  and  maintenance  fuel  consumption  and  a  fuel  price 
of  *0.61  (US)  per  gal  Ion: 

The  average  C130E  variable  direct  operating  costs 

=  *  '.76  (US)  +  *1  ,048  (US) 

=  *1 , 524 (US) 

The  fuel  costs  are  only  31.2  percent  of  the  total 
variable  C130E  operating  costs.  The  remaining  68.8  percent 
of  variable  costs  are  maintenance  related.  Table  III  shows 
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the  USAt-  C130E  operating  cost  for  fiscal  year  1989  in  1989 
dollars,  as  calculated  in  Appendix  L. 

Tab  I e  III 

Logistic  Cost  Factors  for  USAF  C130E  Aircraft 
in  Terms  of  1989  Do  I  lars 


Variable  Cost  Per  FI 

y i ng  Hour 

Cost  Factor 

*  (US) 

Percentage  of 
Var i ab 1 e  Cost 

Consumable  Suppl i es 

Systems 

1  24 

a .  i 

Genera  1 

92 

6 . 0 

Depot  Maintenance 

476 

31.3 

Replenishment  Spares 

356 

23.4 

Fue  1 

476 

31.2 

Total  Variable  Costs 

*  1 , 524 

100.0 

Fixed  Annual  Costs  Per 

Primary  Author 

i  zed  Aircraft 

$  (US) 

Depot  Maintenance 

202 , 259 

Support  Equipment 

28,917 

total  Fixed  Costs 

$231 , 1 76 

Summar  y  ojf  USAT  C130E  Cost  Data 

The  costs  tor  operating  USAF  aircraft  are  defined 
separately  into  fixed  and  variable  costs  tor  each  model  of 
the  C 1 30  Hercules.  Therefore,  the  affect  of  increasing  the 
USAF  C130E  cruise  speed  on  variable  costs  can  be  studied. 
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A  weakness  in  the  USAF  cost  data  could  be  that  the 
replenishment  spares  are  a  I  located  equal  ly  to  each  model 
C130  independent  of  the  aircraft  age  or  mission.  The 
problem  of  tracking  the  use  of  C130  Hercules  spare  parts  in 
the  RAAF  and  USAF  appears  to  be  similar. 

Using  1989  cost  data,  the  variable  costs  for  operating 
a  USAF  C130E,  have  been  defined  as  the  sum  of  hourly  fuel 
costs  and  hourly  maintenance  costs.  The  variable 
maintenance  costs  are  $1,048 (US)  per  hour.  In  Chapter  V, 
the  variable  maintenance  cost  mil  I  be  used  in  conjunction 
with  the  cost  of  actual  fuel  consumption  at  specific  speeds 
to  establ ish  the  effects  of  increasing  C130E  cruise  speeds 
on  operating  costs. 

This  section  has  examined  the  validity  of  the  available 
cost  data  and  separated  the  C130E  operating  costs  into  fixed 
and  variable  costs.  The  next  section  examines  the  missions 
which  could  be  flown  at  increased  cruise  speeds  to  reduce 
fl ight  time  and  variable  operating  costs. 

Section  4:  Selection  of  Missions  for  Use  in  this  Study 

Not  al I  of  the  RAAF  and  USAF  C130E  missions  offer  the 
potential  to  trade  increased  aircraft  speed  and  fuel 
consumption  for  decreased  flying  hours  and  maintenance 
costs.  For  example,  some  training  missions  require  pilots 
to  practice  their  take  off  and  landing  skills  at  speeds  of 
approximately  150  knots  corresponding  to  aircraft  speed 
limitations.  These  types  of  missions  cannot  be  flown  at 
speeds  greater  than  280  knots  to  reduce  the  number  of  flying 
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speeds  greater  than  280  knots  to  reduce  the  number  of  flying 
hours  (30 : 7- 1 27 ; 50) . 

One  simple  method  of  sorting  out  which  missions  could  be 
flown  at  faster  speeds  is  to  total  all  of  the  flying  hours 
allocated  to  specific  roles.  Each  flying  squadron  is 
allocated  a  specific  number  of  flying  hours  each  year  for 
each  squadron  role.  The  RAAF ,  with  one  C130E  squadron, 
could  identify  the  total  flying  hours  for  each  mission 
category  easily,  but  this  task  would  be  more  complex  for  the 
large  number  of  USAF  CI30E  squadrons.  An  additional 
I  imitation  of  this  method  occurs  if  the  flying  hours 
allocated  to  a  particular  type  of  mission  are  not  a  good 
indicator  of  the  aircraft  cruising  speed  and  the  range  of 
the  task.  For  example,  training  mission  hours  could  be  used 
for  low  speed  pilot  take  off  and  landing  practice  or  for 
long  range  route  training  at  speeds  of  280  knots  (27) . 

The  RAAF  and  USAF  mission  profile  analysis  has  been 
selected  for  use  in  this  study.  The  RAAF  and  USAF  use  a 
computer  analysis  of  their  C130E  missions  to  study  the 
effect  of  flying  hours  on  the  structural  life  of  the 
aircraft.  During  each  flight,  the  flight  engineer  completes 
a  mission  summary  form  which  is  entered  at  a  later  date  into 
a  computer  database.  Each  mission  is  then  assigned  to  a 
single  mission  category  which  pertains  to  the  effect  of  the 
mission  on  the  aircraft  structural  I ife.  This  database  can 
be  used  to  obtain  information  about  th  ;  percentage  of  flying 
hours  and  the  percentage  of  ft  ights  in  a  particular  type  of 
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mission  (14;60).  The  RAAF  and  USAF  mission  profile  database 
will  now  be  examined  and  the  missions  which  offer  potential 
for  increased  cruise  speeds  will  be  identified. 

RAAF  C130E  Mission  Profile  Database 

In  1984  Lockheed  constructed  14  average  mission 
profiles  from  “approximately  10,000  flying  hours"  of  RAAF 
usage  data  “as  being  representative  of  past,  present  and 
future  C130E  operations"  (37:7).  Data  from  missions  since 
1984  has  been  progressively  added  to  the  database.  The 
database  as  of  21  June  1989  included  69,820  flying  hours  and 
25,674  fl ights  flown  over  a  12  year  period.  The  definitions 
for  each  RAAF  C130E  mission  code  are  I isted  in  Appendix  M 
(37:50) . 

Any  recent  change  in  the  type  of  C130E  missions  could 
be  concealed  by  the  weight  of  data  over  the  12  year  period. 
RAAF  Headquarters  Support  Command  was  requested  to  extract 
data  on  the  percentage  of  flying  hours  for  each  RAAF  mission 
code  for  all  available  years  and  to  extract  cumulative  data 
for  the  entire  database.  Examination  of  the  data  leads  to 
questions  about  the  validity  of  the  database  from  1977  to 
1984.  The  number  of  flying  hours  in  the  database  was  much 
less  than  the  number  of  flying  hours  flown.  For  example, 
for  the  period  1  July  1978  to  1  July  1979,  only  235  flying 
hours  were  entered  into  the  database  compared  with  over 
8,000  flying  hours  actually  flown  during  that  period  (61:2). 

The  percentage  of  flying  hours  in  each  mission  code  may 
have  annual  variations  in  the  RAAF  and,  therefore,  a 
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database  over  several  years  may  be  more  accurate.  For  a 


sma I  I  number  of  aircraft  such  as  the  RAAF’s  C130E  fleet, 
some  annual  variation  in  the  percentage  of  missions  flown  on 
a  particular  mission  code  could  be  expected,  due  to  changes 
in  tasking.  From  30  June  1984  to  1  July  1988,  the  database 
included  approximately  96  percent  of  the  total  flying  hours 
flown  and  a  cumulative  database  was  extracted  for  this 
period.  The  effects  of  incomplete  data  in  the  period  1977 
to  1984  and  some  changes  in  the  missions  flown  by  RAAF  C130E 
aircraft  could  be  observed  in  the  data.  For  example,  the 
percentage  of  flying  hours  flown  on  training  mission  appears 
as  7.7  percent  in  1977  to  1984  and  10.1  percent  in  1984  to 
1989.  This  increase  could  reflect  increased  pilot  training 
in  recent  years  or  inaccuracies  in  the  incomplete  database 
(60:1).  RAAF  Headquarters  Support  Command  concluded  that 
the  data  for  the  period  1  July  1984  to  30  June  1988  was  the 
most  accurate  information  available  for  RAAF  C130E  mission 
profiles  (63).  The  mission  profile  summary  data  for  the 
RAAF  C130E  is  included  at  Table  IV. 

USAF  C130E  Mission  Profile  Database 

Lockheed  prepared  the  USAF  C130E  mission  profile 
analysis  using  data  collected  over  the  period  of  1980  to 
1984  (5:3.2).  The  USAF  C130E  mission  codes,  listed  in 

Appendix  N,  differ  from  those  of  the  RAAF  because  different 
types  of  missions  are  performed.  The  accuracy  of  the 
mission  code  data  is  estimated  to  be  within  0.5  percent  of 
the  actual  distribution  of  USAF  C130E  flying  hours  (14). 
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Table  IV 


Categorization  of  RAAF  C130E  Flying  Hours  by  Mission  Code 
Source:  Compiled  from  37 : 1 8-3 1 ; 6 1 : 1 3 ; 62 : 2 


M i ss i on 
Category 

X  Flying  Hours 
1977  -  1984 

X  Flying  Hours 
1977  to 

21  June  1989 

X  Flying  Hours 

1  July  1984  to 

30  June  1988 

1 

7 . 3 

9.7 

10.1 

2 

2.0 

0.7 

0.5 

3 

0.2 

1  .6 

1  .  7 

4 

0.4 

10.7 

10.9 

5 

1  .3 

3.4 

3.8 

6 

4.0 

4.9 

5.4 

7 

1 .8 

2.9 

3.0 

8 

2.0 

1 .8 

1 . 8 

9 

3.5 

10.0 

10.5 

10 

21.9 

7.3 

8.0 

1  1 

20.4 

14.5 

13.0 

12 

19.3 

19.0 

18.7 

13 

15.4 

13.1 

12.3 

14 

0.5 

0.3 

0.2 

Cons iderab  1  e 

var i at i on  w i th 

n  mission  codes 

i  s  ev i dent  for 

the  different  USAF  C130E  users.  For  example,  32.75  percent 
of  hours  flown  by  the  Reserves  (AFRES)  are  classified  as 
mission  code  4  and  22.49  percent  of  hours  flown  by  the  Air 
National  Guard  (ANG)  are  for  the  same  mission  category.  The 
percentage  of  flying  hours  flown  for  each  USAF  C130E  mission 
code  for  the  period  1980  to  1984  is  shown  in  Table  V. 

Assistance  from  Warner  Robins  Air  Logistics  Center  was 
sought  to  update  the  USAF  C130E  mission  profile  data.  The 
data  received  for  1988  showed  a  change  in  the  type  of 
missions  flown  since  the  1980  to  1984  surmrary.  In  1988,  25 
percent  of  USAF  C130E  flying  hours  were  classified  as  low 
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T ab  I  e  V 


Categorization  of 

USAF  C130E  Fly 

i ng  Hours 

by 

M  i  ss i on 

Code  and  by  Major  Users  for  the 

Per i od  1 980 

to  1984 

Source : 

Repr i nted  from 

5: Table  3 

-5 

M  i  ss i on 

X  F 1 y i ng 

X  Flying 

X  Flying 

X 

Flying 

Category 

Hours  USAF  Hours  MAC 

Hours  ANG 

Hours  AFRES 

1 

15.05 

14.32 

17.51 

18.31 

2 

5.62 

5.6 

5.76 

6. 14 

3 

9.  14 

9.13 

10.79 

7.12 

4 

26.05 

25.81 

22.49 

32.75 

5 

24.67 

22.52 

33.75 

20.80 

6 

9.67 

11.27 

4.92 

7.06 

7 

0.00 

0.00 

0.00 

0.00 

8 

6.36 

7 . 70 

2.42 

3.90 

9 

3.41 

3.71 

2.32 

3.85 

level  compared  with  less  than  five  percent  in  the  period 
from  1980  to  1984.  A  14  percent  change  occurred  in  mission 
codes  three  to  five  (defined  as  shuttle  and  logistics 
missions  !n  Appendix  N)  for  the  Air  National  Guard  (ANG)  and 
the  Air  Force  Reserve  (AFRES) .  Table  VI  compares  the 
percentage  of  flying  hours  flown  on  shuttle  and  logistics 
missions  in  1980  to  1984  with  the  percentage  flown  in  1988. 

In  gathering  the  mission  profile  data  for  this  study, 
the  objective  was  to  ensure  that  the  data  were 
representative  of  the  actual  missions  flown.  Advice  from 
War ner -Rob i ns  Air  Logistics  Center  was  that  the  mission 
prof i le  data  for  the  C130E  in  1985  to  1987  was  not 
representative  of  normal  C130E  mission  profiles  because  some 
aircraft  engineering  restrictions  had  limited  some  types  of 
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Table  VI 


Comparison  of  the  Percentage  of  USAF  Shuttle  and  Logistic 
Mission  Flying  Hours  in  1980  /  1984  with  the 
Percentage  Flying  Hours  in  1988 
Source:  Compiled  from  5: fable  3-5  and  14:1-15 


Ci30E  User 

1980  to  1984 

1988 

USAF 

59.86 

54 . 76 

MAC 

57 . 96 

56 . 36 

ANG 

67.03 

52 . 06 

AFRES 

60.67 

46.18 

missions.  The  1988  data  included  over  100.000  flying  hours 
and  was  thought  to  be  a  true  representation  of  USAF  C130E 
missions  (14).  Therefore,  the  1988  C130E  mission  profile 
data  has  been  used  in  this  study. 

Selection  of  Mission  Codes 

M  ission  codes  which  offered  the  potential  for  cruising 
at  280  knots  TAS  could  be  uti I ized  in  this  study  to 
demonstrate  the  effect  of  cruising  speed  on  C130E  operating 
costs.  The  cruising  speed  used  by  the  RAAF  and  USAF  for 
each  mission  code  was  examined  from  the  mission  code 
descriptions.  Mission  codes  which  involved  training  and  low 
I  eve  I  opera  t i ons  were  considered  unlikely  to  utilize  cruise 
speeds  of  280  knots  (2 7 ; 30 : 7- 1 2 7 ; 50) .  Therefore,  all  RAAF 
flying  ho  .  identified  as  mission  codes  1  and  14  were 
e I im i na ted  from  cons ideration  in  the  study.  Similarly,  USAF 
mission  codes  1,  2,  6,  8  and  9,  which  include  training. 
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airdrop,  low  level,  and  com bat  training  were  considered  to 
have  i ittie  potential  for  cruise  speeds  of  280  knots  TAS  or 
h i gher . 

From  RAAF  mission  profile  data  for  the  selected  period 
from  1  July  1984  to  30  June  1988  at  Table  IV,  80.9  percent 
of  C130E  flying  hours  are  for  mission  codes  2  to  13  (62:2) . 
From  Table  VI,  54.76  percent  of  USAF  C130E  flying  hours  are 
mission  codes  three  to  five  which  could  be  flown  at  speeds 
of  280  knots  TAS  or  higher.  This  can  be  subdivided  into 
56.36  percent  of  MAC,  52.06  percent  of  ANG  and  46.18  percent 
of  AFRES  C130E  flying  hours  (13:1-15). 

Cone  I  us i on 

The  civilian  C130  Hercules  companies  which  were  studied 
emphasized  the  importance  of  variable  maintenance  costs  and 
f I ight  times  rather  than  fuel  costs.  This  emphasis  is  in 
contrast  to  the  military  operating  polices,  examined  in 
Chapter  I  I  ,  which  aimed  to  save  fuel  . 

RAAF  C130E  Hercules  cost  data  is  not  va I  id  because  of 
the  aggregation  of  C130E  and  C130H  costs  and  the  subsequent 
division  of  costs  equal ly  between  the  two  aircraft  types. 

The  quantifiable  differences  between  the  RAAF ’ s  C130E  and 
C130H  aircraft  for  depot  servicing,  contract  servicing  and 
in-house  servicing  have  been  exposed  in  this  study. 
Differences  between  the  spares  and  material  costs  for  the 
two  aircraft  types  could  exist,  but  quantifying  such  a 
difference  was  beyond  the  scope  and  resources  of  this  study. 
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The  RAAF  needs  to  improve  the  r e I i ab i I i ty  and  va I i d i ty 
of  C130  cost  data  and  distinguish  between  fixed  and  variable 
costs.  This  information  would  allow  cost  analysis  studies 
and  I i fe  cycle  cost  studies  to  be  completed  accurately. 

In  contrast  to  the  RAAF,  the  USAF  cost  data  is  defined 
into  fixed  and  variable  costs  for  each  model  of  C130 
aircraft.  A  weakness  in  this  cost  data  exists  because  the 
replenishment  spares  costs  are  al located  equal ly  to  each 
model  of  C130  independent  of  aircraft  age  or  mission.  Using 
1989  cost  data,  a  general ized  cost  relationship  for  al I  USAF 
C130E  aircraft  is  that  variable  costs  are  the  sum  of  fuel 
costs  and  variable  maintenance  costs.  Hourly  maintenance 
costs  are  almost  double  the  hourly  fuel  costs. 

Approximately  54  percent  of  USAF  C130E  missions  and  80 
percent  of  RAAF  C130E  missions  could  be  flown  at  cruising 
speeds  greater  than  today’s  normal  speed  of  280  knots  TAS. 
These  percentages  were  derived  from  the  C130E  mission 
profile  analysis.  All  missions  which  included  low  level 
flying,  airdrop,  basic  training,  proficiency  training,  and 
combat  training  were  not  considered  because  these  missions 
could  not  normal ly  be  flown  at  280  knots  TAS  or  higher. 

In  Chapter  V,  the  USAF  cost  data  is  used  to  test  the 
hypothesis  that  increasing  C130E  cruise  speeds  could  reduce 
variable  operating  costs.  The  mission  profile  analysis 
developed  in  this  chapter  is  used  in  Chapter  V  to  calculate 
potential  annual  savings  for  the  USAF. 
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V. 


Testing  the  Study  Hypothesis 


Over v i ew 

The  guiding  hypothesis  for  this  study  is  that  the 
variable  operating  costs  for  the  C130E  Hercules  in  the  RAAF 
and  USAF  can  be  reduced  by  increasing  the  cruise  speed  from 
the  normal  280  knots  true  a i rspeed (TAS) .  The  research  in 
Chapter  IV  showed  that  the  RAAF  C130E  cost  data  was  not 
va I  id  and  that  there  was  no  apparent  distinction  between 
fixed  and  variable  costs.  The  USAF  C130E  cost  data  had  one 
weakness  in  that  the  replenishment  spares  were  assigned 
equa lly  to  all  mode  Is  of  C130  aircraft.  However ,  the  USAF 
clearly  distinguishes  between  fixed  and  variable  costs. 
Therefore,  testing  ‘'he  study  hypothesis  in  this  chapter  wi  I  I 
be  restricted  to  USAF  C130E  aircraft.  The  research  and 
findings  are  presented  in  three  sections. 

The  first  section  of  this  chapter  of  this  chapter  shows 
the  effects  on  C130E  variable  operating  costs  when  the 
cruise  speed  is  decreased  or  increased  from  280  knots  TAS. 
The  value  of  potential  cost  savings  which  could  result  from 
an  increased  cruise  speed  is  then  ca I cu  ated  using  current 
cost  data  and  aircraft  performance  data  from  the  FI ight 
Manual  .  The  accuracy  of  the  calculation-.',  and  the 
sensitivity  of  savings  to  price  changes  is  also  examined. 

The  effect  of  different  cruise  speeds  on  operating  costs 
is  demonstrated  in  the  second  section  using  the  MAC PLAN 
computer  flight  planning  system.  Each  demons tr at  ion  flight 
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is  used  to  show  that  increasing  the  C130E  cruise  speed  above 
280  knots  TAS  results  in  decreased  operating  costs.  In 
third  section,  practical  I  imitations  on  increased  cruise 
speeds  are  examined.  The  implementation  of  cruise  speeds 
greater  than  280  knots  TAS  is  then  considered. 

Section  1:  Testing  the  Hypothesis 

The  research  I  i terature  reviewed  in  Chapter  I  I  included 
two  different  philosophies  for  savings  on  aircraft  operating 
costs:  save  costs  by  saving  fuel  or  save  cost  by  saving 
flight  t ime .  Each  of  these  philosophies  will  now  be 
considered  in  the  context  of  reducing  total  C130E  operating 
costs . 

Save  Costs  by  Saving  Fuel 

An  aircraft  is  flown  at  the  maximum  range  speed  to 
minimize  the  fuel  consumption  per  mi le  of  f I ight  (52:5-7,5- 
8) .  In  1989,  the  maximum  range  speed  for  USAF  C130E 
aircraft  is  approximately  260  knots  TAS  (52:5-26). 

Therefore  the  C130E  could  reduce  fuel  consumption  and  save 
fuel  costs  by  reducing  t  le  cruise  speed  to  approximately  260 
knots  TAS.  Reducing  the  cruise  speed  from  280  knots  TAS  to 
260  knots  TAS  leads  to  longer  fl  ight  times  for  a  fixed 
distance.  Longer  flying  time  results  in  an  increase  in 
maintenance  costs. 

The  net  effect  of  flying  the  C130E  at  the  maximum  range 
speed  is  that  total  operating  costs  increase.  The  increase 


in  costs  can  be  shown  with  a  simple  mathematical  example. 


For  a  C130E  to  fly  280  nautical  miles  at  a  TAS  of  280 
knots  in  no  wind  conditions,  the  fl ight  time  would  be  one 
hour.  The  cost  of  the  same  280  nautical  mile  task  flown  at 
260  knots  TAS  flown  in  conditions  of  no  wind  can  be 
calculated  as  follows: 

Flight  t ime 

=  distance  t  speed 

=  280  nautical  mi  I es  r  260  knots  TAS 
=  1.077  hours 

In  1989,  the  USAF  C130E  average  variable  costs  for  one  hour 
were  shown  in  Chapter  IV  to  be  $476 (US)  for  fuel  and 
$1,048(US)  for  maintenance.  Therefore: 

Maintenance  costs 

=  number  of  hours  X  cost  per  hour 
=  1.077  hours  X  $1,048(US)  per  hour 
=  *1 , 1 29 (US) 

The  increased  maintenance  costs  for  flying  at  260  knots  TAS 
compared  to  260  knots  TAS 

=  $1,1 29 (US)  -  $  1  , 048 ( US ) 

=  $81 (US) . 

If  the  cost  of  flying  at  260  knots  TAS  is  to  be  the 
same  as  flying  at  280  knots  TAS,  the  increase  in  maintenance 
cost  must  be  equal  to  the  decrease  in  fuel  costs.  The 
number  of  pounds  of  fuel  which  must  be  saved  by  flying  at 
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260  knots  TAS  using  a  fuel  pr  ice  of  $0.61  (US)  per  gal  Ion  can 


be  found  as  to  I  lows: 

Number  of  gal  Ions  required  to  be  saved 
=  $81 (US)  r  $0.61 (US)  per  gallon 
=  132.79  gallons 

Number  of  pounds  of  fuel  required  to  be  saved 
=  132.79  gallons  X  6.4  pounds  per  gallon 
=  849  pounds 

Number  of  pounds  required  to  save  per  hour 

=  849  pounds  t  length  of  the  fl ight  at  260  knots  TAS 
=  849  pounds  V  1 .077  hours 
=  788  pounds  per  hour 


The  C130E  Performance  Manual  shows  that  the  C130E 
Hercules  is  not  capable  of  saving  788  pounds  of  fuel  per 
hour  when  flying  at  260  knots  TAS  (52) .  At  aircraft  weights 
above  90,000  pounds,  the  change  in  fuel  consumption  by 
reducing  speed  from  280  knots  TAS  to  260  knots  TAS  is  a 
maximum  of  600  pounds  per  hour.  The  quantity  of  fuel  saved 
varies  between  300  and  600  pounds  with  altitude  and  aircraft 
weight  as  shown  in  Appendix  0,  Table  XIV  (52:5-'  j1,5 

100) .  The  data  in  Appendix  0  is  for  100  percent  engine 
performance  as  required  by  MACR  55-130  (57:11-7). 

In  the  best  case,  flying  at  260  knots  TAS  nay  save  600 
pounds  of  fuel  per  hour.  The  cost  of  600  pounds  of  fuel  can 
be  calculated  as  fot lows: 


T 


Convert  600  pounds  of  fuel  to  gal  Ions 

=  600  pounds  -r  6.4  pounds  per  gal  Ion 
=  93 . 75  ga I  I ons 

Cost  of  93.75  gallons 

=  93.75  gal  Ions  X  $0.61  (US)  per  ga i  ton 
=  $57 . 1 8 (US) 

Therefore  when  1989  cost  factors  are  used,  flying  the 
C130E  at  260  knots  TAS  saves  a  maximum  of  $57.18(US)  of  fuel 
but  costs  $81 (US)  more  for  maintenance  compared  with  the 
same  C130E  flown  at  280  knots  TAS.  The  net  penalty  is  that 
total  operating  costs  increase  by  over  $23 (US)  per  hour. 

The  260  knots  TAS  cruise  would  increase  operating  costs  by 
more  than  $23 (US)  per  hour  on  most  f I ights  because  the 
calculations  above  used  the  maximum  fuel  saving  of  600 
pounds  per  hour.  Table  XIV  in  Appendix  O  shows  that  fuel 
savings  for  a  260  knots  TAS  cruise  may  be  as  low  as  300 
pounds  per  hour.  Therefore  a  260  knots  TAS  cruise  can  be 
expected  to  save  fuel  but  the  do  I  I ar  value  of  the  fuel 
savings  wi  I  I  be  exceeded  by  the  do  I  I ar  value  of  the 
increased  maintenance  costs. 

Save  Time  by  Flying  Faster 

The  effect  on  operating  costs  when  the  C130E  is  flown 
at  speeds  faster  than  280  knots  TAS  to  reduce  f I ighr  times 
wi  I  I  now  be  examined.  A  TAS  of  290  knots  was  selected  for 
calculations  because  the  data  is  in  the  C 1 30  Performance 
Manual  and  can  be  val i dated  using  the  MACPLAN  computer 


f I  ight  planning  system.  A  simple  example  wi  I  I  again  be  used 
to  demonstrate  the  affects  of  a  cruising  speed  of  290  knots 
TAS. 

Consider  the  cost  of  a  280  nautical  mile  task  flown  at 
290  knots  TAS.  The  costs  for  the  task  can  be  calculated 
as  foil ows : 

F I  i gh  t  t ime 

=  distance  f  speed 

=  280  nautical  miles  f  290  knots  TAS 
=  0.9655  hours 

Maintenance  costs 

=  number  of  hours  X  cost  per  hour 
=  0.9655  hours  X  *1,04B(US)  per  hour 
=  *1,011 . 84 (US) 

The  saving  in  maintenance  costs  by  flying  at  290  knots  TAS 
compared  to  280  knots  TAS  is  5i,04B(US)  minus  *  1  , 0 1  1  . 84 (US) 
which  equals  *36.16(US). 

If  the  cost  of  flying  at  290  knots  TAS  is  to  be  the 
same  as  flying  at  280  knots  TAS,  the  decreased  maintenance 
cost  must  be  equaled  by  an  increase  in  fuel  costs.  The 
additional  quantity  of  fuel  which  must  be  consumed  by  flying 
at  290  knots  TAS  can  be  found  as  iol lows: 

Increased  fuel  consumption  to  break  even  on  costs 
=  maintenance  cost  saving 
=  *36. 1 6 ( US) 
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=  $36 . 1 6 (US)  f  $0.61 (US)  per  gallon 

=  59.28  gall ons 

=  59.28  gal  Ions  X  6. A  pounds  per  gal  Ion 

=  379  pounds 

Since  the  f I  ight  duration  for  280  nautical  mi  I es  at  290 
knots  is  0.9655  hours,  the  fuel  savings  required  to  break 
even  per  hour 

=  379  pounds  t  0.9655  hours 

=  392  pounds  per  hour 

The  "Range  Summary  Fuel  Flow"  charts  in  the  C130 
Performance  Manual  were  used  to  estimate  the  increase  in 
fuel  consumption,  which  may  be  expected  when  the  TAS  is 
increased  from  280  knots  to  290  knots  (52).  In  the  worst 
case,  the  fuel  consumption  increases  by  340  pound  per  hour 
while  the  minimum  increase  in  fuel  consumption  was  180 
pounds  per  hour.  The  data  extracted  from  the  Per f ormance 
Manual  is  shown  in  Appendix  0,  Table  XV. 

Because  the  estimated  increase  in  fuel  consumption  is 
less  than  the  maximum  fuel  consumption  to  break  even,  the 
290  knots  TAS  cruise  will  result  in  reduced  operating  costs. 
The  reduction  in  costs  can  now  be  calculated  for  the  worst 
case  of  a  340  pounds  per  hour  increase  in  fuel  consumption 
and  the  best  case  of  an  increase  of  only  180  pounds  per 
hour  . 
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Worst  Case:  340  Pounds  Per  Hour  Increase  in  Fuel 
Consumpt i on . 

Reduced  operating  cost  per  hour 

=  Maximum  increase  in  fuel  consumption  to  break  even  - 
340  pounds 

=  392  -  340  pounds 

=  52  pounds 

=  52  pounds  r  6.4  pounds  per  gal  Ion 
=  8.1 25  ga I  I ons 

=  8.125  ga I  I ons  X  $0.61  (US)  per  ga lion 
=  $4. 96 (US)  per  hour 

Therefore,  in  the  worst  case,  a  290  knots  TAS  cruise  will 
save  $4.96 (US)  per  flying  hour. 

Best  Case:  180  Pounds  Per  Hour  Increase  in  Fuel 
Consumpt i on . 

Reduced  operating  cost  per  hour 

=  Maximum  increase  in  fuel  consumption  to  break  even  - 
180  pounds 

=  392  -  180  pounds 

=  212  pounds 

=  212  pounds  f  6.4  pounds  per  gal  Ion 
=  33 . 1 25  ga I  I ons 

=  33.125  gallons  X  $0.61 (US)  per  gallon 
=  $20. 20 (US)  per  hour 

In  the  best  case,  a  290  knots  TAS  cruise  wi  I  I  save 
$20.20(US)  oer  flying  hour.  The  operating  costs  for  a  USAF 
C130E  flying  at  290  knots  TAS  could  therefore  be  expected  to 
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be  *4.96 (US)  to  *20. 20 (US)  per  flying  hour  less  than  the 
same  C130E  being  flown  at  280  knots  TAS. 

Accuracy  of  Calculated  Savings.  The  Air  Force  Cost 
Center  does  not  place  an  accuracy  on  its  aircraft  cost  data 
(7).  The  accuracy  of  the  estimated  savings  is  influenced  by 
the  interpolation  of  data  from  the  C130  Performance  Manual. 
The  data  in  this  manual  is  presented  in  graphical  format. 
Attempts  to  obtain  USAF  performance  data  in  a  more  accurate 
tabulated  format  from  Military  Airlift  Command  and  Lockheed 
were  not  successful .  The  fuel  consumption  graphs  can  be 
read  to  an  accuracy  of  plus  or  minus  five  pounds  per  hour 
fuel  consumption  per  engine.  The  fuel  consumption  at  one 
speed,  280  knots  TAS,  was  then  subtracted  from  another  fuel 
consumption  figure,  for  290  knots  TAS.  Therefore,  the 
accuracy  of  the  difference  in  fuel  flow  could  be  plus  or 
minus  10  pounds.  The  fuel  flow  in  the  Performance  Manual  is 
given  in  pounds  per  hour  per  engine.  Therefore,  the 
difference  in  fuel  flow  is  multiplied  by  four  to  give  the 
difference  in  fuel  consumption  for  all  four  engines  on  the 
C130E.  The  accuracy  of  fuel  flow  is  therefore  mu  I t i p I  i ed  by 
four  to  give  an  accuracy  of  plus  or  minus  40  pounds  of  fuel 
per  hour . 

The  effect  of  this  accuracy  on  the  cost  savings  can  be 
estimated  as  f o I  lows: 

40  pound  of  fuel 

=  40  f  6.4  gal  Ions 


6 . 25  ga I  I ons 


The  cost  of  6.25  gal  Ions 

=  6.25  gallon  X  $0.61 (US)  per  gallon 
=  $3.81 (US) 

The  interpolation  of  fuel  consumption  graphs,  therefore, 
has  an  accuracy  of  40  pounds  per  hour  which  is  equivalent  in 
1989  to  $3.81 (US)  per  hour. 

The  Range  of  Potential  USAF  C130E  Cost  Savings 

An  expected  range  of  cost  savings  per  flying  hour  can 
be  estimated  by  applying  the  calculated  accuracy  of  the 
graphical  interpolations  to  the  calculated  range  of  savings. 
The  expected  range  of  cost  savings  I i es  between  $4.96(US)  to 
$20.20(US)  plus  or  minus  $3.81 (US).  Therefore,  in  1989,  a 
290  knots  TAS  cruise  will  result  in  savings  in  the  range  of 
$1.1 5 (US)  to  $24.01 (US)  per  Cl 30E  flying  hour  when  compared 
to  a  280  knots  TAS  cruise. 

The  midpoint  of  the  range  of  savings  when  flying  at  290 
knots  TAS  is  $12.58(US)  per  flying  hour.  This  midpoint 
could  be  used  to  represent  the  expected  savings  for 
different  fl ights.  Note  that  an  average  value  for  the 
hourly  savings  has  not  been  defined  because  the  C130E  fuel 
consumption  varies  for  different  aircraft  weights, 
altitudes,  and  air  temperature. 

Estimate  of  Savings  For  MAC 

The  annual  savings  can  now  be  estimated  when  the 
Mi  I  i  tary  Air  I  ift  Comrand  (MAC)  C130E  squadrons  change  from  a 
normal  cruise  speed  of  280  knots  TAS  to  290  knots  TAS. 
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Using  the  USAF  mission  profile  analysis  in  Chapter  IV,  56.36 
percent  of  MAC  C130E  missions  have  the  potential  to  be  flown 
at  cruise  speeds  of  290  knots  TAS  (13:1-15).  In  1989,  MAC 
is  planning  to  fly  the  C130E  Hercules  for  111,064  flying 
hours;  56.36  percent  of  this  total  is  62,595  hours  (7).  The 
potential  savings  for  MAC  in  1989  can  be  estimated  as  62,595 
times  *1.15(US)  to  *24.01 (US).  Therefore,  MAC  savings  from 
a  290  knots  TAS  cruise  could  be  in  the  range  of  *71,984(US) 
to  *  1 , 502 , 906 (US)  in  1989.  The  *12.58(US)  per  flying  hour 
midpoint  of  the  savings  times  62,595  hours  can  be  used  to 
estimate  the  annual  MAC  savings  of  *787,445(US)  per  year. 

S im i I ar  sav i ngs  over  each  year  of  the  life  of  the  C130E  for 
comparable  fuel  and  maintenance  costs  represent  considerable 
savings  to  MAC  and  the  USAF. 

Accuracy  of  Estimated  MAC  Savings.  The  estimated 
savings  for  MAC  should  account  for  the  accuracy  of  graphical 
data  extracted  from  the  Per formance  Manual  and  the  accuracy 
of  the  USAF  mission  profile  analysis.  The  estimated 
accuracy  of  the  mission  profile  analysis  is  0.5  percent 
(14).  Applying  this  accuracy  to  the  MAC  flying  hours  gives 
an  accuracy  of  0.005  times  111,064  or  555  hours. 

Multiplying  this  accuracy  by  the  range  of  $1.15(US)  to 
*24.01 (US)  gives  *638(US)  and  *13,325(US)  respectively. 
Therefore,  after  correcting  for  interpolation  of  data  and 
the  accuracy  of  mission  profile  estimates,  the  savings  to 
MAC  when  using  a  290  knots  TAS  cruise  could  be  expected  to 


be  in  the  range  of  *71,346(US)  to  *  1  , b 1 6 , 23 1  ( US)  tor  1989. 


Summary  of  USAF  Annual  Savings 

Increasing  the  C130E  cruise  speed  from  280  to  290  knots 
TAS,  could  result  in  annual  savings  of  *94,613(US)  to 
♦1 , 979 , 287 (US)  for  the  USAF.  The  midpoint  of  the  savings 
range  of  *12.58(US)  per  flying  hour  can  be  used  to  estimate 
USAF  savings  of  $ t  , 027 , 0  I  7 (US)  per  year.  These  savings  are 
the  total  of  MAC,  ANG,  and  AFRES  C130E  aircraft  savings 
calculated  using  1989  cost  data  and  1989  planned  flying 
hours.  Table  VII  shows  the  savings  for  each  C130E  user. 

The  savings  for  the  ANG  and  AFRES  are  calculated  in  Appendix 
P.  Savings  have  not  been  calculated  for  the  C130E  aircraft 
operating  in  the  United  States  Forces  in  Europe  because 
these  C130E  aircraft  are  scheduled  to  fly  1,500  hours  in 
1989  and  the  USAF  does  not  maintain  a  unique  mission  profile 
analysis  for  these  aircraft  (6;14). 


Tab  I e  V  I  I 

Potential  Annual  USAF  Savings  for  C130E  Aircraft 
Using  290  Knots  TAS  Cruise  S-cedc  in  1989 


C130E  User 

Potential  Savings 
*(US) 

Midpoint  Savings 
*(US) 

MAC 

71 ,346  to 

1 ,516,231 

78  /  . 44b 

ANG 

11,926  to 

22 1 , 004 

114,150 

AFRES 

11,341  to 

241 ,972 

125,422 

Total 

*94,613  to 

1 ,979,287 

*1 ,027 ,017 
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Sensitivity  of  USAF  Operating  Costs  to  Fuel  Prices 

The  sensitivity  of  hypothesized  savings,  in  the  C130E 
operating  costs,  to  variations  in  fuel  prices  should  be 
considered  because  of  the  historical  fluctuations  discussed 
in  Chapter  I  I  and  in  Chapter  IV.  The  savings  in  maintenance 
costs  by  flying  the  CI30E  at  290  knots  TAS  were  shown  to  be 
$36.16(US)  per  hour  for  1989  cost  factors  before  any  penalty 
for  increased  fuel  consumption  was  considered. 

In  the  worst  case,  the  increase  in  fuel  consumption  by 
flying  at  290  knots  was  shown  to  be  340  pounds  per  hour. 

340  pounds  is  converted  to  53.125  gallons  by  dividing  by  6.4 
pounds  per  gallon.  If  the  $36.16(US)  decrease  in 
maintenance  cost  is  equal  to  the  increased  cost  of  fuel, 
then  53.125  gallons  would  cost  $36.16(US)  or  a  fuel  price  of 
$0.6807(US)  per  gallon. 

In  the  best  case,  the  fuel  consumption  may  only 
increase  by  180  pounds  per  hour  when  the  cruise  speed  is 
increased  from  280  knots  TAS  to  290  knots  TAS.  180  pounds 
of  fuel  is  equivalent  to  28.125  gallons.  If  28.125  gallons 
cost  $36.16(US),  the  price  of  fuel  is  *1.28(US)  per  gallon. 
Therefore,  the  290  knots  TAS  cruise  would  continue  to 
generate  savings  over  a  280  knots  TAS  cruise  on  all  f I ights 
if  the  fuel  price  was  less  than  $0.6807(US).  The  290  knots 
TAS  cruise  would  continue  to  generate  savings  on  some 
flights  until  the  fuel  price  reached  $  1  . 28 ( US)  . 

Effect  of  Maintenance  Costs.  On  23  June  1989,  the  Air 
s  Improvement  Group  approved  the  1990 
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Force  Cost  Ana  I ys i 


Logistics  Costs  Factors  for  C130E  Hercules  (7).  The 
variable  maintenance  costs  for  1990,  in  terms  of  1990 
dollars,  total  $1,139(US)  per  flying  hour.  Using  the  same 
calculation  techniques  used  earlier  in  this  section. 
Appendix  Q  shows  that  the  differential  between  a  280  and  a 
290  knots  TAS  cruise  would  be  $39.30(US).  From  Appendix  Q, 
the  290  knots  TAS  cruise  would  continue  to  give  savings  if 
the  fuel  consumption  increased  by  340  pounds  per  hour  and 
the  fuel  price  increased  to  $0./398(US).  When  the  fuel 
consumption  increases  by  180  pounds  per  hour,  Appendix  Q 

shows  that  the  290  knots  TAS  cruise  continues  to  q i ve 

savings  over  a  280  knots  TAS  cruise  until  tne  price  of  fuel 

reaches  $1 ,39(US)  per  gal  Ion. 

Therefore,  the  290  knots  TAS  cruise  would  generate  cost 
savings  on  all  flights  in  1990  when  the  fuel  price  is  less 
than  *0.7398(US)  per  gallon  and  would  continue  to  generate 
sav i ngs  on  some  flights  until  the  price  of  fuel  reaches 
*1 .39(US)  per  gal  Ion. 

The  calculations  in  Section  1  used  the  cost  data  arid 
mission  prof i I es  from  Chapter  IV.  In  the  next  section,  the 
va I idity  of  the  calculations  is  demonstrated. 

Section  2:  Demonstration  of  Hypothesis  Benefits 

As  a  further  demonstration  of  the  hypothesized  benefits 
of  this  study,  the  Lockheed  fl ight  planning  computer  was 
u  t  i  I  i  zed .  This  compu  ter  i s  used  on  a  da i  I y  bas i s  by  RAAF 
and  USAF  C130E  crews  to  plan  their  missions.  1  he  computer 
program,  cal  led  JETPLAN,  includes  performance  data  for  each 


80 


mode  I  C 1 30  and  a  I  I ows  the  a i rcrew  to  select  different  cruise 
techniques.  A  special  i zed  version  of  JET  PLAN,  cal  led 
MACPLAN ,  i s  used  by  a i rcr ew  in  M i  I  i tar y  Air  I  i f  t  Command 
(MAC)  and  was  used  in  this  study.  MACPLAN  has  many  default 
computer  settings  which  correspond  to  the  normal  operating 
procedures  of  MAC  aircrew  (17).  The  USA.  MAC  C130E  was 
selected  to  demonstrate  the  benefits  hypothesized  in  this 
study  because  MAC  is  the  largest  user  of  C130E  Hercules 
aircraft  (39:107). 

Scope  of  Demonstration.  There  are  a  large  number  of 
variations  in  aircraft  weight,  payload,  fuel  consumption, 
fl ight  distances,  weather  and  different  types  of  missions 
which  no  study  could  hope  to  cover  entirely.  Demonstration 
of  the  benefits  of  higher  cruising  speed  in  this  study  wi  I  I 


consider  the 

spectrum  of 

USAF 

missions  as  being 

on  a 

cant 

inuum;  mi 

ss i ons 

have 

been 

selected  to  cover 

the  upper 

and 

1  ower  limits  of 

that 

con  t i nuum. 

Types  of 

Cr u i se 

Ava  i 

1  ab  1  e 

USAF  C130E  airc 

rew  may 

select  from  five  different  types  of  cruise  techniques  when 
using  MACPLAN.  Cruise  speeds  of  210  knots,  260  knots,  200 
knots,  290  knots  or  cruising  at  the  aircraft  long  range 

cruise  speed  may  be  selected.  A  210  knots  cruise  is  flown 

during  low  level  operations  and  was  not  considered  in  this 
study.  A  200  knots  TAS  cruise  is  the  default  selection  in 

MACPLAN  and  is  used  for  most  USAP  missions  (bO) . 

Fuel _ or  T j me _ Opt im^zatjon .  After  selecting  the  desired 

cruise  technique,  aircrews  select  whether  they  wish  to 
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optimize  the  use  of  fuel  or  optimize  the  flying  time. 


When 


optimizing  fuel ,  the  computer  program  uses  the  selected 
cruise  speed  to  arrive  at  the  destination  with  the  minimum 
fuel  consumption.  When  time  is  optimized,  the  program  uses 
the  selected  cruise  speed  to  travel  to  the  destination  in 
the  shortest  possible  time  without  regard  for  fuel 
consumption.  Fuel  optimization  is  the  default  selection  in 
MACPLAN  (17).  Aircrews  have  found  that  when  the  option  to 
minimize  ft  ight  time  is  selected,  the  computer  wi i I  often 
select  altitudes  as  low  as  9,000  feet  despite  the  advantage 
of  higher  tail  winds  at  higher  altitudes  (16:4).  The  r esu I t 
of  selecting  minimum  time  on  MACPLAN  can  therefore  be  the 
saving  of  only  one  minute  at  the  expense  of  an  extremely 
high  fuel  consumption  at  9,000  feet.  Fuel  optimization  and 
time  optimization  are  compared  in  the  demonstration  computer 
f I  i gh  t  p I ans . 

Selection  of  Routes.  Demonstration  of  the  benefits  of 
the  hypothesis  required  that  actual  airfields  and  routes  be 
selected  for  input  to  Lockheed’s  fl ight  planning  computer. 
The  criterion  used  was  that  routes  should  match  the  USAF 
miss  ion  profiles  wh i ch  had  the  capability  of  being  tl own  at 
280  knots  or  higher.  The  actual  point  of  departure  and 
destination  for  the  fl ight  was  not  important  to  the 
demonstration.  Two  of  the  selected  fl ights  were  1  hour  and 
25  minutes  and  4  hours  and  25  minutes  in  length, 
corresponding  to  the  mission  code  boundaries  in  Appendix  N 
of  1  hour  30  minutes  and  4  hours  30  minutes.  The  departure 
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and  destination  points  for  each  demonstration,  the  distances 
between  each  airfield,  and  trie  approximate  duration  of  the 
f I ight  are  shown  in  Appendix  R. 

The  Effects  of  Wind  and  Temperature.  Tail  wind  or 
headwind  could  distort  the  study  of  aircraft  cruising  speed 
on  operating  costs  by  affecting  the  f I ight  time.  The 
initial  approach  used  was  to  avoid  potential  wind  effects  by 
selecting  routes  in  equatorial  regions  where  the  winds  tend 
to  be  less  than  10  knots.  This  approach  worked  for  short 
range  tasks;  however,  it  was  difficult  to  arrange  for  actual 
weather  conditions  on  the  day  a  flight  was  planned  to 
include  I  ight  winds  over  distances  of  2000  mi  I es . 

Assistance  from  Lockheed  resulted  in  the  ability  to  program 
the  computer  for  no  wind  and  for  International  Standard 
Atmosphere  (ISA)  temperature  conditions  (17).  The  no  wind 
and  ISA  day  temperature  conditions  were  used  for  all  f I ight 
p I ans . 

The  Effect  of  Drag  Index.  Lockheed  has  developed  drag 
indexes  to  indicate  different  variations  from  the  basic 
C130E  Hercules.  For  example,  the  addition  of  underwing  fuel 
tanks  to  a  C130E  adds  drag  to  the  aircraft  and  reduces  the 
ability  of  the  aircraft  to  perform  in  accordance  with  the 
Performance  Manual  (52:1-2).  The  Performance  Manual 
includes  a  graph  which  shows  a  correction  factor  to  be 
app I i ed  to  the  basic  C130E  aircraft  performance  data.  A 
positive  drag  index  increases  aircraft  drag  and  reduces  the 
aircraft  performance  when  compared  to  the  basic  C130E.  A 
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drag  index  of  plus  18  is  appl i ed  to  the  basic  C130E  Hercules 
performance  for  a  C130E  fitted  with  underwing  fuel  tanks 
(52:1-2).  Users  of  the  JETPLAN  computer  flight  planning 
system  are  unable  to  adjust  the  aircraft  drag  index. 

MACPLAN  enables  users  to  nominate  a  drag  index  in  the  range 
of  minus  18  to  plus  30.  The  default  drag  index  in  MACPLAN 
Version  7.12  dated  9  June  1989  is  plus  18  (17).  Over 
several  years,  the  USAF  has  modified  its  C130E  aircraft  and 
increased  the  drag  index  to  a  total  of  plus  36  (52:1-2). 
Table  VIII  shows  the  differences  between  the  basic  C130E  and 
the  USAF  C130E  and  the  corresponding  drag  indexes. 

Table  VIII 

USAF  C130E  Hercules  Drag  Indexes 
Source :  52 : 1 -2 


Aircraft  Configuration 

Drag 

!  ndex 

External  Fuel  Tanks  and  Pylons 

+ 

18.0 

Long  HF  Wire  Antenna 

+ 

2.5 

AN/APN  1 69A  SKE  Top  Radar 

+ 

7.0 

European  1  Paint 

+ 

3.0 

Wa  1 '  -  a  •j  Pa  i  n  t 

+ 

5.5 

Total  ..rag  Index 

♦ 

36.0 

Lockheed  has  received  a  copy  of  the  latest  USAF  C130E 
Performance  Manual  but  has  not  yet  received  a  request  for 
the  computer  flight  plan  performance  data  in  MACPLAN  to  be 
amended  (17).  As  a  result  of  the  deficiency  in  MACPLAN,  the 
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maximum  avai table  drag  index  of  plus  30  was  used  to 
demonstrate  the  effects  of  varying  cruise  speed  on  operating 
cos  ts . 

Recording  of  RAAF  and  USAF  HI ight  Times 

When  aircrews  in  the  RAAF  and  USAF  record  the  duration 
of  a  flight,  they  calculate  the  time  from  the  start  of  the 
take  off  roll  to  the  landing  and  then  add  six  minutes 
( 2  7 ; BO )  .  Ihe  add ition  of  six  minutes  is  a  sys  tem  used  for 
mos t  aircraft  types  in  the  military  to  take  into  account  the 
time  the  engines  are  running  when  the  aircraft  is  moving  on 
the  ground.  before  recording  the  tl ight  time  in  the 
maintenance  records  fui  the  aircraft,  the  aircrews  round  the 
time  to  the  nearest  tenth  of  an  hour.  Over  a  large  number 
of  fl ights  the  rounding  process  should  balance  out  to 
reflect  the  reguired  fl ight  time.  In  the  fol lowing 
demonstration  cases  the  tl ight  times  have  not  been  rounded. 
This  decision  was  made  because  of  the  sma I  I  number  of 
demonstration  f I ights  included.  Rounding  the  data  would 
also  introduce  an  element  of  doubt  as  to  the  veracity  of  the 
calculations.  Six  minutes  has  been  added  to  each  of  the 
fl ight  times  in  the  demonstration  fl ights  because  of  the 
effect  on  the  calculated  operating  costs.  Failure  to  add 
six  minutes  would  have  reduced  the  f I ight  time  and  reduced 
the  variable  maintenance  costs. 

Methodo I ogy 

After  routes  were  selected,  MACPLAN  was  used  for  each 
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C130E  cruise  speed  to  examine  the  duration  of  the  tl ight  and 
the  amount  of  fuel  used. 

Effect  of  Aircraft  Weight.  The  payload  on  the  aircraft 
was  adjusted  over  the  maximum  permissible  range  of  aircraft 
operating  weights  to  observe  the  effect  of  I ight  and  heavy 
aircraft  on  aircraft  cruising  technique  and  aircraft 
operating  cost.  For  all  of  the  selected  routes,  1,000 
pounds  of  payload  was  used  to  simulate  an  aircraft  with 
approximately  zero  cargo.  On  short  to  medium  range  fl ights, 
38,000  pounds  of  payload  was  used  to  bring  the  C130c 
aircraft  to  the  I imits  of  the  aircraft  manoeuvre  envelope. 

On  longer  fl  ights,  the  payload  was  added  to  maintain  the 
total  weight  including  fuel  and  payload,  less  than  the 
maximum  normal  take  off  weight  of  1C5.000  pounds. 

MACPLAN  Parameters.  The  computer  program  inputs 
required  for  the  MACPLAN  computer  fl ight  plans  are  I isted  at 
Append i x  S . 

Calculation  of  Savings 

The  length  of  each  fl ight  and  the  amount  of  fuel  used 
was  extracted  from  each  computer  fl ight  plan  printout  and 
entered  into  a  QUATTR0  spreadsheet.  The  direct  operating 
costs  of  each  trip  were  then  calculated  and  compared. 

Operating  Cost  Equation.  The  variable  direct  operating 
costs  for  each  tl ight  were  calculated  using  a  formula  as 
foil ows : 

Cost 

=  Fuel  Cost  +  Maintenance  Cost 


86 


Fuel  cost 


=  Fuel  used  in  pounds  X  6.4  X  *0.61 (US) 
where 

6.4  pounds  =  1  gal  Ion 

cost  of  fuel  =  *0.61  (US)  per  gal  Ion 

Maintenance  Cost 

=  ((Flight  Time  in  minutes)  f  60)  X  *1,048(US) 
where 

fl ight  time  in  minutes  f  60  =  fl ight  time  in  hours 

cost  of  variable  maintenance  =  *1,048(US)  per  hour 

F I  i gh t  T ime 

=  Length  of  fl ight  in  minutes  plus  6  minutes 
Sav i ngs .  The  savings  for  each  different  cruise 
technique  were  caiculated  in  relation  to  the  same  f I ight 
flown  over  the  same  distance  with  the  same  payload  for  a  280 
knots  TAS  fuel  optimized  cruise.  Therefore,  the  savings 
calculated  reflect  the  savings  available  in  1989  if  the  USAF 
were  to  change  the  C130E  cruise  po ! icies.  Negative  savings 
imply  that  the  280  knots  TAS  cruise  is  less  expensive  than 
the  cruise  technique  being  compared. 

Savings  Per  Hour.  The  savings  per  hour  were  calculated 
by  dividing  the  savings  by  the  f I ight  time  in  hours.  This 
f I ight  time  included  the  standard  6  minutes  added  to  the 
time  the  aircraft  is  flying. 

Summary  of  Fl ight  Plan  Analysis 

In  al I  of  the  demonstration  f I ight  plans,  the  operating 
costs  for  the  290  knots  TAS  cruise  were  less  than  the 
operating  costs  for  the  280  knots  TAS  cruise,  which  is  used 
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today  on  most  USAF  C130E  f I ights.  Savings  from  the  290  knots 
TAS  cruise  var  i ed  from  $12.85(US)  to  $22.86(US)  per  flying 
hour.  These  savings  were  ootained  for  f I ights  varying  from 
324  to  2,157  nautical  miles  and  with  payloads  varying  from 
1,000  pounds  to  38,000  pounds. 

The  Effect  of  Cruise  Speed  on  Operating  Costs.  The 
MACPLAN  fl ight  plans  demonstrated  the  difference  in 
operating  costs  for  the  260,  280  and  290  knots  TAS  cruises, 
as  calculated  in  section  one  of  this  chapter.  For  example, 
on  the  324  nautical  mile  flight  with  1,000  pounds  of 
payload,  the  260  knots  TAS  cruise  saved  141  pounds  of  fuel 
compared  to  the  280  knots  TAS  cruise.  However,  the  260 
knots  TAS  cruise  was  $40. 17 (US)  per  flying  hour  more  in 
operating  costs,  because  of  the  longer  fl ight  time. 

Increasing  the  cruise  speed  to  290  knots  TAS  resulted  in 
savings  of  $16. 75 (US)  per  flying  hour  compared  to  the  280 
knots  TAS  cruise. 

Fuel  or  Time  Optimization.  The  selection  of  time 
optimization  in  MACPLAN  resulted  in  the  shortest  fl ight  time 
but  this  did  not  result  in  the  reduced  operating  costs.  For 
examp  I e ,  on  the  med i um  range  logistics  fli ght  over  1,181 
nautical  miles  with  1,000  pounds  of  payload,  the  280  knots 
TAS  time  optimized  f I ight  used  25,563  pounds  of  fuel  for  a 
f I ight  time  of  261  minutes,  whereas  the  280  knots  TAS  fuel 
optimized  cruise  used  17,412  pounds  of  fuel  in  a  f I ight  time 
of  265  minutes.  In  this  example,  when  the  effects  of  fuel 
and  maintenance  costs  are  considered,  the  time  optimized 
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cruise  is  $162.53(US)  per  hour  more  expensive  than  the  tue I 
opt  imi  zed  cruise.  For  a  flight  ot  the  same  distance  wii.it 
the  same  payload,  the  290  knots  TAS  fuel  optimized  cruise 
saved  *22.86(US)  per  flying  hour,  in  comparison  to  the  2B0 
knots  TAS  fuel  optimized  cruise. 

A  detai led  analysis  of  each  MACPLAN  f I ight  plan  is  in 
Appendix  T.  The  analysis  of  al I  the  290  knots  TAS  f I ights 
is  summarized  in  Table  IX.  The  fl ight  plan  labels  A  to  G  in 
Table  IX  refer  to  the  corresponding  290  knots  fuel 
optimization  fl ight  plans  in  paragraphs  a  to  g  in  Appendix 

T.  Fl ight  plan  labels  H  to  J  correspond  to  the  long  range 

v* 

290  knots  TAS  fl ights  in  paragraph  h  in  Appendix  T. 


T  ab I e  IX 


Suimtar  y  o  f  Var  i  ab  I  e  Cost  Savings  Using  a  290  Knots  TAS 
Fue I  Opt im i z i ng  Cruise  When  Compared  to  a  2B0  Knots  IAS 

Fue I  Opt im i z i ng  Cr u i se  with _ 1  989  Price s  a nd  a 

C 1  ,>r*t  Index  ot  30 


F  1  i  ght 

P  1  an 
Labe  1 

D  i  stance 

( nau  t i ca 1 
m  i  1 es ) 

T  ime 

(hours  and 
m i nu  tes ) 

Pay  1 oad 

( pounds) 

Sav i ngs 

Per  Hour 

*  (US) 

A 

324 

1 

l  8 

1  ,  000 

16.75 

B 

324 

1 

23 

38 , 000 

17.26 

C 

586 

2 

1  3 

1  ,  000 

19.22 

D 

586 

2 

1  8 

38 , 000 

22 . 86 

E 

1,18  1 

4 

1  6 

1  ,  000 

22 . 86 

F 

1,18  1 

4 

26 

38 , 000 

12.85 

G 

2,15/ 

7 

4  1 

1  ,  000 

1  7  .  74 

H 

2,157 

7 

43 

1  0 . 000 

16.60 

1 

2,157 

7 

4  7 

20 . 000 

14.29 

J 

2,157 

7 

50 

25 , 000 

c 

CO 

CO 
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Calculated  Savings  for  MACPLAN  Demonstrations . 


The 


savings  calculated  for  the  MACPLAN  demonstration  f I ights  are 
optimistic  because  the  computer  program  is  I imited  to  a  drag 
index  of  30  and  USAF  C130E  aircraft  have  a  drag  index  of  36. 
Us i ng  the  Per  forma nee  Manua I,  the  effect  of  this  limitation 
can  be  estimated.  The  drag  index  of  36  corresponds  to  a 
decrease  in  the  cruise  ceiling  of  300  feet  for  a  USAF  C130E 
(52:5-36).  The  lower  cruise  ceiling  equates  to  a  30  pounds 
per  hour  increase  in  fuel  consumption  depending  on  the 
aircraft  weight  and  a  I t / tude  (52:5  113,115).  The  cost  of  30 
pounds  of  jet  fuel  at  *0.61  (US)  per  gal  Ion  is  */.68(US)  . 
Therefore,  a  C130E  with  a  drag  index  of  36  is  *7^8(US)  more 
expensive  per  flying  hour  than  a  C130E  with  a  drag  index  of 
30.  When  this  correction  is  appl i ed ,  the  range  of  savings 
demonstrated  for  USAF  C13hE  aircraft  using  the  MACPLAN 
computer  flight  plan  system  is  in  the  range  of  *5.1 /(US)  to 
*15.18(US).  The  savings  from  the  MACPLAN  flights  have  been 
corrected  for  a  drag  index  of  36  in  Table  X. 

The  corrected  MACPLAN  savings  I ie  within  the  expected 
range  of  savings  *4.96(US)  to  *20.20(US) ,  calculated  in 
section  one  of  this  chapter.  The  expected  range  of  USAF 
savings  and  the  accuracy  range  associated  with  interpolating 
the  Performance  Manual,  were  calculated  in  section  one  of 
this  chapter,  and  are  shown  in  Figure  2.  Also  shown  are  the 
corrected  savings  from  Table  X  for  each  of  the  demonstration 
290  knots  TAS  MACPLAN  flight  plans. 
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Tab  i  e  X 


Summary  of  Variable  Cost  Savings  Using  290  Knots  TAS  Fuel 
Optimizing  Cruise  icihen  Compared  to  a  280  Knots  TAS  Fuel 
Optimizing  Cruise  Using  1989  Prices  After  Correcting 


for  a  USAF  C130E  Drag  Index  of  35 


F 1  i  gh  t 

P  1  an 

Labe  1 

D i s  tance 

T  i  me 

Pay  I oad 

Sav i ngs 

Per  Hour 

( nau  t i ca 1 
m i 1 es) 

(hours  and 
m i nu  tes) 

( pounds) 

*  (US) 

1 

1  0 

1  .000 

9 .07 

1 

23 

30 , 000 

9 . 58 

2 

1  3 

1  ,  000 

11.54 

2 

1  8 

38,000 

15.18 

4 

1  6 

1  ,  000 

15.18 

4 

26 

38 , 000 

5.17 

7 

4  1 

1 , 000 

10.06 

7 

43 

10,000 

8 . 92 

7 

47 

20,000 

6.61 

7 

50 

25.000 

6.16 

The  next  section  examines  the  practical  I  imitations  on 
C130E  cruise  speeds  and  the  implementation  of  new  cruise 
speeds . 

Sec  t  i on  3:  Implementation  of  Increased  C 1 30E  Cru i se  Speeds 

In  Section  1,  the  effect  of  increasing  the  C130E  cruise 
speed  to  290  knots  TAS  was  shown  to  result  in  annual  USAF 
savings  of  between  *94,613(US)  and  ♦ I , 9 79 , 28 7 ( US ) .  The 
validity  of  the  sav  mgs  for  a  290  knots  TAS  cru i se  was 
demonstrated  in  Section  2  using  the  MACPLAN  computer  f I ight 
planning  system.  MACPLAN  does  not  include  data  for  cruising 
C130E  aircraft  faster  than  290  knots  TAS.  Therefore,  the 
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*24.01 

-  — 

*20.20 

+  -F 

*4.96  . 

*1.15  - 

MACPLAN  DEMONSTRATION  FLIGHT  PLAN  LABEL 

-  -•  Indicates  calculated  range  of  savings  per  flying  hour 

-  -  Indicates  I  irrrit  of  calculation  accuracy 

-f-  Data  point  from  MACPLAN  fl  ight  plan  (fable  X) 


Figure  2.  Predicted  Range  of  Savings  for  USAF  C130L 
Hercules  Aircraft  with  a  Drag  Index  of  36  Using  1 000 
Cost  Data  Showing  Calculated  Savings  for 
Demonstr  at  I  on  MACPLAN  FI  iqht  Plans 


effect  on  operating  costs  of  cruising  faster  than  290  knots 
will  be  considered  in  this  section.  Practical  limits  to  the 
C 1 30 E  max i mum  speed  will  then  be  analyzed.  Finally,  the 
implementation  of  increased  C130E  cruise  speeds  will  be 
cons i der ed . 


Flying  the  C130E  Faster  than  290  Knots  TAS 

The  savings  when  a  C130E  is  flown  faster  than  290  knots 


TAS  can  de  calculated  using  the  relationship: 


Var i ab I e  Cost  =  Fuel  Cost  +  Ma:ntenance  Cost 
Variable  maintenance  costs  decrease  as  the  flight  time 
decreases.  At  290  knots  TAS  the  saving  in  maintenance  costs 
in  1989  was  shown  to  be  *36  16 (US) .  Appendix  U  shows  that 
when  compared  with  the  280  knots  TAS  cruise,  the  maintenance 
costs  at  295  knots  TAS  reduce  by  *53. 24 (US)  and  at  300  knots 
TAS  the  costs  reduce  by  *69. 84 (US). 

The  increase  in  fuel  consumption  at  295  or  300  knots 
TAS  cannot  be  demonstrated  uc  i  rig  MACPLAN.  However,  it  is 
possible  to  calculate  the  amount  of  fuel  which  would  have  to 
be  consumed  before  the  savings  in  maintenance  costs  are 
removed.  Using  *0.61 (US)  cents  per  gallon  fuel  costs,  the 
295  knots  TAS  cruise  would  break  even  if  the  fuel 
consumption  increased  by  588  pounds  per  hour  and  the  300 
knots  TAS  cruise  breaks  even  at  an  increase  in  fuel 
consumption  of  786  pounds  per  hour.  The  calculations  for 
these  fuel  consumptions  are  in  Appendix  V. 

Further  increases  in  C130E  cruising  speels  could  result- 
in  a  reduction  in  operating  costs  but  consideration  should 
first  be  given  to  the  ability  of  the  aircraft  to  achieve 
higher  speeds. 

Practical  Limit  on  Aircraft  Speed 

The  power  available  from  the  aircraft  engines  imposes  a 
pr ac tical  limit  on  the  aircraft  speed.  The  power  ava i  I ab I e 
is  dependent  on  the  condition  of  the  engine  and  on  the  air 
density  and  therefore  varies  with  altitude  and  temperature. 
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As  the  aircraft  weight  increases  the  amount  of  power 
required  to  achieve  a  desired  airspeed  increases  (58:200- 
205)  . 

Assistance  from  Lockheed  was  sought  for  information  on 
practical  I imits  on  C130E  Hercules  airspeeds.  The 
practical  speed  I imits  for  the  C130E  were  derived  using  the 
power  available  and  power  required  relationships  for  the 
C130E  and  a  Lockheed  computer  program.  The  result  was  the 
production  of  a  chart  showing  the  maximum  speed  a  C130E 
Hercules  could  achieve  for  varying  altitudes  and  aircraft 
weights  when  cruising  at  a  power  setting  of  9l0  degrees 
turbine  inlet  temperature,  on  an  ISA  day,  and  with  the  USAF 
drag  index  of  36.  The  chart  shows  that  the  USAF  C130E,  in 
ISA  conditions,  can  achieve  a  maximum  TAS  of  300  knots  at 
altitudes  of  14,000  feet  to  20,000  at  an  aircraft  weight  of 
up  to  100,000  pounds.  A  TAS  of  295  knots  is  achievable  at 
aircraft  weights  below  130,000  pounds.  The  Lockheed  chart  is 
reproduced  at  Figure  3  (8:5). 

Non  USAF  C130E  Operators.  The  drag  indexes  may  not  bt 
as  high  as  plus  36  for  non  USAF  users  of  C130E  aircraft, 
such  as  the  RAAF  and  the  Canadian  Forces.  Aircraft  with 
lower  drag  indexes  may  have  the  capability  for  cruising 
faster  than  290  knots  TAS  (52:5-36).  The  Canadian  Forces 
have  unique  tabulated  data  in  their  C130E  Performance  Manual 
showing  fuel  consumption  and  TAS  for  varying  altitudes  and 
aircraft  weights.  The  Canadian  data  shows  that  for  a  C130E 
with  a  drag  index  of  29,  291  knots  TAS  can  be  achieved  at  an 
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Figure  3.  True  Airspeed  at  910  Degrees  Turbine  Inlet 
Temoerature  for  a  USAF  C130E  (T56-A— 7  Ena  I nes .  Dra 


Index  Plus  32)  in  ISA  Conditions 


Source:  Reprinted  from  8:5 


aircraft  weight  of  155,000  pounds  at  14,000  feet  on  an  ISA 
day  using  a  cruise  power  setting  of  895  degrees  turbine 
inlet  temperature.  The  Canadian  "High  Speed  Cruise,"  which 
is  used  to  minimize  f I ight  time,  shows  that  300  knots  TAS  is 
the  maximum  speed  which  can  be  maintained  in  the  cruise  on 
an  ISA  day,  using  895  degrees  turbine  inlet  temperature 
(36).  After  the  RAAF  determines  the  C130E  variable 
operating  costs,  then  the  Canadian  "High  Speed  Cruise"  could 
be  evaluated  for  its  effect  on  operating  costs. 

Imp  I ementat i on 

Engine  Power  Settings.  At  no  time  during  this  study  has 
the  suggestion  been  made  that  the  existing  normal  engine 
power  settings  be  increased  to  achieve  a  higher  cruise 
speed.  Increasing  the  normal  cruise  power  could  increase 
the  cruise  speed  but  this  may  be  at  the  expense  of  engine 
I  i  fe  and  cause  the  increase  of  maintenance  costs  (52:5-8). 

Use  of  increased  engine  power  settings  to  increase  cruise 
speeds  is  an  option  which  would  require  an  engineering  cost 
and  benefit  analysis  which  is  beyond  the  scope  of  this 
study.  The  calculations  in  this  study  have  been  made  on  the 
premise  of  maintaining  the  current  normal  cruise  power 
settings  at  an  altitude  which  achieves  a  higher  cruise 
speed.  The  higher  cruise  speed  is  therefore  achieved  with 
an  increase  in  fuel  consumption  but  without  any  detriment  to 
maintenance  costs. 

Implementation  In  the  USAF .  The  USAF  has  the 
capability  of  introducing  a  290  knots  TAS  cruise  for  C130E 
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Hercules  aircraft  without  any  delay  and  without  any 
implementation  costs.  The  necessary  aircraft  performance 
data  is  available  within  the  Performance  Manual  (52:5-113). 
The  MACPLAN  ft ight  planning  system  also  has  the  option  of  a 
290  knots  TAS  cruise  (17;50).  The  option  could  remain 
within  MACPLAN  to  plan  a  280  knots  TAS  cruise  if  the  power 
available  were  not  sufficient  for  a  290  knot  cruise. 

Implementation  in  the  RAAF.  Similarly,  the  RAAF  could 
also  implement  a  290  knots  TAS  cruise  immediately,  using  the 
existing  Performance  Manual  and  JETPLAN  data.  The  RAAF 
C130E  Performance  Manual  does  not  have  data  for  cruising  at 
speeds  greater  than  290  knots  TAS.  Therefore,  the  RAAF 
would  need  to  validate  data,  such  as  the  Canadian  C130E  High 
Speed  Cruise,  before  implementing  cruise  speeds  greater  than 
290  knots  TAS. 

Saving  Operating  Costs  at  Zero  Cost.  While  the 
emphasis  in  this  study  has  been  on  saving  variable  C130E 
costs  by  increasing  the  cruising  speed,  an  important 
underlying  premise  has  been  establ ished:  saving  fl ight  time 
saves  C130E  operating  costs.  The  importance  of  obtaining 
these  savings  for  free  should  not  be  overlooked.  Aircrews 
have  the  capabi I i ty  to  use  the  f I ight  planning  computers  to 
take  advantage  of  free  reductions  in  fl ight  time.  Direct 
routes  and  the  use  of  tailwinds  or  minimum  headwinds  are 
methods  by  which  aircrews  can  reduce  f I ight  time  and  reduce 
operating  costs.  The  computer  f I ight  plan  "optimize  time" 
option  has  been  demonstrated  to  result  in  very  high  fuel 
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usage  and  to  increase  operating  costs  in  some  cases.  Some 
visible  form  of  presenting  the  variable  costs  of  a  fl ight  to 
aircrews  could  assist  with  decisions. 

V i s i b i I i ty .  A  subroutine  added  to  MACPLAN  and  JETPLAN 
could  print  the  variable  operating  cost  of  a  fl ight  at  the 
bottom  of  each  flight  plan.  Displaying  the  variable  cost 
could  reinforce  to  aircrews  their  capability  to  operate  the 
C130E  to  minimize  operating  costs.  Aircrew  could  then 
quickly  compare  the  costs  of  using  a  particular  cruise  speed 
for  the  C130E  Hercules.  In  Appendix  is  an  example  of  a 
generic  set  of  cost  calculations  which  could  be  used  in  the 
MACPLAN  computer  f I ight  plan  program  to  calculate  the  C130E 
operating  costs  for  each  flight. 

Cone  I  us i on 

The  USAF  C130E  Performance  data  was  used  to  calculate 
the  increase  in  cost  when  the  C130E  is  flown  at  260  knots 
TAS.  The  slower  cruising  speed  saves  a  maximum  of  $57 (US) 
in  fuel  costs  but  the  longer  f I ight  time  cause  an  increase 
of  $81 (US)  in  maintenance  costs. 

A  decrease  in  maintenance  costs  of  $31.16(US)  per  hour 
could  occur  when  the  C130E  is  flown  at  290  knots  TAS.  The 
net  savings  in  operating  costs,  after  considering  increased 
fuel  consumption,  has  been  calculated  to  be  in  the  range  of 
$1.15(US)  per  hour  to  $24.01 (US)  per  hour.  This  range  of 
values  takes  into  account  the  worst  case  increase  in  fuel 
consumption  of  600  pounds  per  hour,  the  best  case  of  180 
pounds  per  hour,  and  the  most  pessimistic  al lowance  of  40 
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pounds  per  hour  for  the  accuracy  in  reading  the  fuel  flow 
from  the  Performance  Manual . 

Annual  savings  for  the  USAF  were  shown  to  be  in  the 
range  of  $94,613(US)  to  $ 1 , 979 , 287 (US) .  The  midpoint  of  the 
savings  range  is  $12.58(US)  per  flying  hour,  which 
represents  an  annual  savings  of  $  1 , 027 , 0 1 7 (US)  per  year  for 
the  USAF.  These  annual  savings  were  based  on  1989 
maintenance  costs  and  a  jet  fuel  price  of  $0.61 (US)  per 
gal  Ion.  Based  on  1989  costs  factors,  the  290  knots  TAS 
cruise  continues  to  save  USAF  operating  costs  for  a  fuel 
price  as  low  as  $0.6807(US)  to  $1.28(US)  depending  on  tha 
increase  in  fuel  consumption  with  aircraft  weight  and 
altitude.  The  1990  cost  factors  wou I  a  a i  I ow  the  fuel  price 
to  increase  to  $0.7398(US)  per  gallon  before  any  of  the  290 
knots  TAS  cruise  f I ights  stopped  reducing  total  operating 
costs . 

The  calculations  of  potential  savings  were  va I idated 
using  the  MACPLAN  computer  flight  planning  system.  Missions 
with  f I ight  times  from  one  hour  25  minutes  to  seven  hours  56 
minutes  and  with  aircraft  payloads  from  1,000  pounds  to 
38,000  pounds,  were  used  to  compare  the  variable  operating 
costs  for  cruising  the  C130L  at  the  different  cruise  speeds 
of  260,  280  and  280  knots  TAS.  In  al I  cases  the  290  knots 
TAS  cruise  had  the  minimum  operating  costs.  In  the  MACPLAN 
demonstration  flights,  savings  of  $12.85(US)  to  $22.86(US) 
per  hour  were  shown.  Selection  of  "optimize  time"  in  the 
computer  flight  plan  program,  generally  resulted  in  higher 
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operating  costs  than  the  290  knots  TAS  fuel  optimised  f I ight 
plan. 

The  MACPLAN  computer  f I ight  plan  system  has  a  maximum 
drag  index  of  30  whereas  the  USAF  C130E  has  a  drag  index  of 
36.  The  effect  of  the  drag  index  of  plus  36  is  to  increase 
the  operating  costs  by  $7.68(US)  per  hour.  Therefore,  the 
corrected  savings  for  the  MACPLAN  demonstration  f I ights  is 
in  the  range  of  S5.17(US)  to  $15.18(US)  per  hour.  The 
deficiency  in  the  MACPLAN  drag  index  should  be  corrected. 

The  current  default  drag  index  of  18  should  also  be  altered 
to  30  pending  corrections  to  the  aircraft  performance 
database . 

Calculations  showed  that  the  Ci3oE  var  lable  costs  couid 
continue  to  decrease  as  the  cruising  speed  is  increased 
beyond  290  knots.  However,  the  MAC  C130E  is  restricted  to 
approximately  290  knots  TAS  except  at  light  aircraft  weights 
because  the  aircraft  power  and  drag  I imits  cruise  speed. 
Aircraft  with  lower  drag  indexes  such  as  the  RAAF  and 
Canadian  C130E  are  capable  of  cruising  at  faster  than  290 
knots  at  most  aircraft  weights. 

An  increased  normal  C130E  cruise  speed  of  290  knots 
could  be  introduced  to  USAF  aircraft  without  any  additional 
expenditure.  The  Performance  Manual  and  the  MACPLAN  f I ight 
planning  system  include  all  of  the  required  data. 

Similarly,  the  RAAF  could  also  implement  a  290  knots  cruise 
overnight  using  the  existing  Performance  Manual  and  JETPLAN 
data.  The  RAAF  would  need  to  val idate  data,  such  as  the 


Canadian  C130E  High  Speed  Cruise,  before  implementing  cruise 
speeds  greater  than  290  knots  TAS. 

No  change  to  current  engine  power  settings  for  C130E 
aircraft  has  been  considered  in  this  study.  The 
demonstrated  savings  in  operating  costs  are  achieved  by 
cruising  at  an  altitude  appropriate  for  the  higher  cruise 
speed.  Aircrew  can  use  the  computer  f I ight  plan  to  evaluate 
the  merits  of  a  particular  route,  wind  conditions  and  cruise 
speed.  A  subroutine,  I  ike  the  one  in  Appendix  could  be 
added  to  MACPLAN  and  print  the  variable  operating  cost  of  a 
f I ight  at  the  bottom  of  each  fl ight  plan.  Displaying  the 

v* 

costs  could  reinforce  to  aircrew  their  capab i I i ty  to  operate 
the  C130E  to  minimize  operating  costs. 

The  study  has  therefore  shown  that  the  C130E  operating 
costs  can  be  reduced  by  increasing  cruise  speeds.  Chapter 
VI  summarizes  the  conclusions  and  recomnendat ions  of  this 
study . 
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VI.  Conclusions  and  Recortmendat  ions 


Over  v i ew 

The  objective  of  this  study  was  to  examine  the 
hypothesis  that  operating  costs  for  C130E  Hercules  aircraft 
in  the  RAAF  and  USAF  can  be  reduced  by  increasing  cruise 
speeds.  The  proposal  would  a  I  low  payloads  to  be  del  ivered 
to  their  destination  in  a  shorter  time  and  at  a  reduced 
cost.  This  chapter  draws  conclusions  from  the  research  and 
provides  recommendations  for  management  action  and  further 
study . 

Cone  I  us i ons 

The  focus  of  C130E  regulations  in  the  RAAF  and  the  USAF 
is  on  conserving  fuel,  without  consideration  of  the  impact 
that  these  fuel  conserving  po I  ices  may  have  on  the  total 
operating  costs  of  the  aircraft. 

Since  the  world  oil  crisis  in  1973,  most  research 
literature  has  been  directed  towards  saving  aircraft 
operating  costs  by  saving  fuel .  The  1978  Dynamics  Research 
Corporation  report  concluded  that  USAF  C130E  aircraft  should 
be  flown  at  265  knots  TAS  to  conserve  fuel.  This 
recommendation  was  based  on  the  assumption  that  the  C130E. 
with  its  turbopropeller  engines,  had  the  same  operating 
costs  as  jet-engined  B52  and  C141  aircraft.  An  opposing 
study  by  the  Canadian  Forces  in  1981  suggested  that  fuel 
costs  are  only  one  part  of  C130  operating  costs,  and  fuel 
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saving  po I i c i es  should  be  analyzed  for  their  effect  on  total 
operating  costs.  The  study  resulted  in  Canadian  C130 
aircraft  being  flown  at  speeds  between  290  and  300  knots 
TAS.  Unfortunately  the  val idity  of  the  Canadian  study  is 
quest i onab I e . 

In  contrast  to  the  RAAF  and  USAF  C130E  fuel  saving 
po I  ices,  the  civi  I  i an  C130  Hercules  companies  emphasized  the 
importance  of  variable  maintenance  costs  and  fl ight  times. 

The  effect  of  cruise  speeds  on  fl ight  times  and 
operating  costs  could  be  analyzed  using  variable  costs. 
Therefore,  fixed  costs  and  variable  costs  needed  to  be 
identified  and  separated  in  this  study.  A  change  in  the 
servicing  schedule  for  RAAF  C130E  aircraft  on  1  March  1989 
appears  to  have  made  maintenance  servicings  into  fixed 
costs.  All  servicings  are  now  scheduled  by  the  number  of 
days  since  the  last  servicing,  independent  of  the  number  of 
hours  flown  by  an  aircraft. 

RAAF  C130E  Hercules  cost  data  were  analyzed  and 
determined  to  be  inval  id.  RAAF  C130E  and  C130I1  costs  are 
aggregated  and  divided  equally  between  the  two  aircraft 
types.  Quantifiable  differences  between  the  RAAF ’ s  C130E 
and  C130H  aircraft  for  depot  servicing,  contract  servicing 
and  in-house  servicing  have  been  exposed  in  this  study. 

Depot  servicing  is  scheduled  for  20,260  manhours  for  the 
C130E  compared  with  13,040  hours  for  the  C 1 30H .  The  C130E 
is  scheduled  for  at  least  3,500  additional  manhours  to 
complete  age  related  repairs.  The  average  cost  of  contract 
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servicing  of  al I  C130E  aircraft  since  1  July  1987  is 
$656 , 555 ( AUS)  per  aircraft.  This  is  more  than  double  the 
$305 , 894 ( AUS)  average  cost  per  aircraft  for  C130H  contract 
servicing  over  the  same  per  i od .  Records  at  the  RAAF ’ s  C 1 30 
maintenance  squadron  show  that  the  C130E  requires  350  to  500 
hours  of  overtime  for  each  R3  servicing,  compared  to  100  to 
150  manhours  for  the  C130H.  A  survey  showed  that  89.4 
percent  of  ai  i  C130  maintenance  supervisors  be  I  i eve  that  the 
RAAF  C 1 30 E  r equ ires  more  daily  flight  line  ma intenance  than 
the  C 1 30H .  The  strong  conclusion  is  that  RAAF  C130E  and 
C130H  maintenance  costs  are  not  the  same  and  should  not  be 
divided  equal ly.  The  effect  of  increased  cruise  speeds  on 
RAAF  C130E  operating  costs  was  therefore  impossible  to 
determ i ne . 

Differences  between  the  spares  and  material  costs  tor 
the  RAAF  C130E  and  C130H  could  exist,  but  quantifying  such  a 
difference  would  be  a  major  project  which  was  beyond  the 
scope  and  resources  of  this  study.  The  RAAF  needs  to 
improve  the  rel i ab i I i ty  and  va I idity  of  C 1 30  cost  data  and 
distinguish  between  fixed  and  variable  costs.  This 
information  would  al low  accurate  completion  of  cost  analysis 
studies  and  studies  of  C130E  replacement  costs. 

In  contrast  to  the  RAAF,  the  USAF  cost  data  is  defined 
into  fixed  and  variable  costs  for  each  model  of  C 1 30 
aircraft.  A  weakness  in  the  USAF  cost  data  exists  because 
of  the  al location  of  equal  replenishment  spares'  costs  to 
each  model  of  C130,  independent  of  aircraft  age  or  mission. 


104 


A  general i zed  cost  relationship  for  al I  USAF  C130E 
aircraft  is  that  variable  costs  are  the  sum  of  fuel  costs 
and  variable  maintenance  costs.  Using  1989  cost  data, 
hourly  maintenance  costs  of  *1,048(US)  are  double  the 
*476(US)  average  hourly  fuel  costs  for  USAF  C130E  aircraft. 
Therefore  fuel  conservation  po I  icies  which  increase  f I  ight 
time  may  increase  total  operating  costs. 

Approximately  54  percent  of  USAF  C130E  missions  and  80 
percent  of  RAAF  C130E  missions  could  be  flown  at  cruise 
speeds  greater  than  today’s  normal  speed  of  280  knots  TAS. 
These  percentages  were  derived  from  the  mission  profile 
analysis  which  records  the  number  of  flying  hours  the  C130E 
aircraft  fly  in  each  type  of  mission  code.  Al I  missions 
which  included  low  level  flying,  airdrop,  basic  training, 
proficiency  training,  and  combot  training  were  not 
considered  because  of  the  I ikel i hood  that  these  missions 
could  not  normal ly  be  flown  at  speeds  of  280  knots  TAS  or 
higher.  The  remaining  missions  have  been  used  in  the  study. 

The  concept  behind  the  study  hypothesis  is  that  faster 
cruise  speeds  can  be  used  to  reduce  flight  time  and  variable 
costs  at  the  expense  of  increased  fuel  consumption.  Before 
testing  the  hypothesis,  the  C130E  Performance  Manual  data 
was  used  to  calculate  the  increase  in  cost  when  the  C130E  is 
flown  at  the  best  range  speed  as  recommended  in  the  Dynamics 
Research  Corporation  report.  The  best  range  cruising  speed 
saves  a  maximum  of  *57(US)  in  fuel  costs  but  costs  an 
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increased  *81 (US)  in  maintenance  costs  because  of  the  longer 
f I i ght  t ime . 

The  maintenance  costs  of  a  C130E  Hercules  flying  at  290 
knots  TAS  could  decrease  by  *31.16(US)  per  hour.  The  net 
savings  in  operating  costs,  after  considering  increased  fuel 
consumption,  has  been  calculated  to  be  in  the  range  of 
*1.15(US)  per  hour  to  *24.01 (US)  per  hour.  This  range  of 
values  takes  into  account  the  worst  case  increase  in  fuel 
consumption  of  600  pounds  per  hour,  the  best  case  of  180 
pounds  per  hour,  and  the  most  pessimistic  al lowance  of  40 
pounds  per  hour  for  the  accuracy  in  calculating  the  four  - 
engine  fuel  consumption  from  the  Performance  Manual .  the 
cost  savings  apply  to  calculations  over  al I  aircraft 
we i ghts . 

When  1 98S  prices  and  flying  hours  allocations  are  used , 
a  290  knots  TAS  cruise  speed  was  calculated  to  save  the  USAI 
*94,613(US)  to  *  1  , 979 , 287  (US)  per  year  compared  using  the 
current  280  knots  TAS  cruise.  These  figures  are  the  sum  of 
MAC  savings  of  *71,346(US)  to  *  1 , 51 6 , 23 1  (US)  ;  ANG  savings  of 
*11, 926 (US)  to  *22 1 , 084 (US) ;  and  AFRES  savings  of 
*11,341(US)  to  *24 1 , 972 (US) .  The  midpoint  of  the  savings 
range  is  *12.58(US)  per  flying  hour,  which  represents  USAF 
savings  of  *1,02 7,017  per  year.  The  290  knots  TAS  cruise 
would  continue  to  save  USAF  operating  costs  if  the?  fuel 
price  increased  in  the  range  of  *0.6B(US)  to  *1.2tt(US), 
depending  on  the  change  in  fuel  consumption  with  different 
aircraft  weights  and  altitudes.  When  1990  Logistics  Cost 
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Factors  are  used,  the  price  of  fuel  could  increase  to 
<0.7398(US)  per  gal  Ion  before  any  of  the  290  knots  TAS 
flights  would  fail  to  generate  a  reduction  in  C130E 
operating  costs.  Some  290  knots  TAS  fl ights  would  continue 
to  produce  savings  for  1990  costs  until  the  price  of  fuel 
reached  *1.39(US)  per  gallon. 

The  calculations  of  potential  savings  were  va I idated 
using  the  MACPLAN  computer  f I ight  planning  system.  Missions 
with  f I ight  times  from  one  hour  25  minutEJ  to  seven  hours  56 
minutes,  and  with  aircraft  payloads  from  1,000  pounds  to 
38,000  pounds,  were  used  to  compare  the  variable  operating 
costs  for  cruising  the  C130E  at  the  different  cruise  speeds 
at  260,  280  and  280  knots  TAS.  In  all  cases  the  290  knots 
TAS  cruise  had  the  minimum  operating  costs.  In  the  MACPLAN 
demonstration  flights,  savings  of  *12.85(US)  to  *22.86(US) 
per  hour  were  shown.  Selection  of  "optimize  time"  in  the 
computer  flight  plan  program  generally  resulted  in  higher 
operating  costs  than  the  290  knots  TAS  fuel  optimized  fl ight 
p  I  an . 

The  MACPLAN  computer  f I ight  plan  system  has  a  maximum 
drag  index  of  30  whe- eas  the  MAC  C130E  has  a  drag  index  of 
36.  A  correction  of  $7.68(US)  per  hour  was  calculated  to 
compensate  for  the  difference  in  drag  index.  Using  this 
correction,  the  MACPLAN  demonstration  flight  plans  produce 
savings  of  $5.17(US)  to  *15.18(US)  per  hour.  The  deficiency 
in  the  drag  index  section  of  the  MACPLAN  program  should  be 
corrected.  The  current  default  drag  index  of  18  should  also 
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be  altered  to  30  pending  corrections  to  the  aircraft 
performance  database. 

Calculations  showed  that  the  C130E  variable  costs  could 
continue  to  decrease  as  the  cruising  speed  is  increased 
beyond  290  knots.  However,  the  USAF  C130E  is  restricted  to 
approximately  290  knots  TAS,  except  at  I ight  aircraft 
weights,  because  of  the  practical  I  imitations  imposed  by  the 
aircraft  power  and  drag.  Aircraft  with  lower  drag  indexes, 
such  as  the  RAAF  and  Canadian  C130E,  are  capable  of  cruising 
at  speeds  of  up  to  300  knots,  at  most  aircraft  weights. 

An  increased  normal  C130E  cruise  speed  of  290  knots 
could  be  introduced  immediately  to  USAF  aircraft  without  any 
additional  expenditure.  The  Performance  Manual  and  the 
MACPLAiM  flight  planning  system  include  all  of  the  required 
data.  Similarly,  the  RAAF  could  also  implement  a  290  knots 
cruise  iiTmed  i  ate  I  y ,  using  the  existing  Performance  Manual 
and  JETPLAN  data.  The  RAAF  would  need  to  va I idate  data, 
such  as  the  Canadian  C130E  High  Speed  Cruise,  before 
implementing  cruise  speeds  greater  than  290  knots  TAS. 

No  change  to  current  engine  power  settings  for  C130E 
aircraft  has  been  considered  in  this  study.  The 
demonstrated  savings  in  operating  costs  are  achieved  by 
cruising  at  an  altitude  appropriate  for  the  higher  cruise 
speed.  Aircrew  can  use  the  computer  f I ight  plan  to  reduce 
f I ight  time  and  operating  costs,  by  examining  the  effects  of 
a  particular  route,  wind  conditions  and  cruise  speed.  A 
subroutine  added  to  the  MACPLAN  could  print  at  the  bottom  of 
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each  flight  plan,  the  var i ab I e  oper a t i ng  cost  of  a  flight. 
Displaying  the  costs  could  reinforce  to  aircrew  their 
capability  to  operate  the  C130E  to  minimize  operating  costs. 

Recommendat i ons 

This  study  recommends  that  the  USAF  reduce  C130E 
Hercules  operating  costs  by  implementing  a  290  knots  TAS 
cruise.  The  USAF  could  immediately  save  between  $94,613(US) 
and  *  1  , 979 , 287 (US)  each  year  and  there  are  no  costs  for 
implementation.  All  of  the  data  required  for  a  290  knots 
TAS  cruise  is  already  in  the  FI ight  Manual  and  the  computer 
fl ight  planning  system. 

The  MACPLAN  computer  fl ight  planning  system  should  be 
reprogrammed  to  accurately  portray  the  f I ight  of  a  USAF 
C130E.  The  current  program  is  I imited  to  a  drag  index  of  30 
while  the  standard  USAF  C130E,  with  external  tanks,  SKE 
radar  and  European  paint,  has  a  drag  index  of  36.  The 
default  drag  index  in  MACPLAN  should  be  increased 
immediately  to  30  until  the  reprogramming  is  complete. 

Aircrews  should  be  given  sufficient  information  about 
the  cost  of  a  fl ight  so  that  they  may  optimize  operating 
costs  when  mission  requirements  al low.  The  f I ight  planning 
computer  should  include  a  program  which  calculate?  the  cost 
of  a  fl ight  and  displays  the  cost  at  the  end  of  the  fl ight 
plan. 

The  operating  costs  of  RAAF  C130E  and  C 1 30H  aircraft 
should  be  more  accurately  determined.  This  study  is  unable 
to  recommend  immediate  implementation  of  cruise  speeds 
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greater  than  280  knots  for  the  RAAF  Ct30E  aircraft  because 
of  inaccurate  operating  cost  data.  Accurate  cost  data  could 
be  used  in  future  studies  such  as  the  C130E  aircraft  I i fe 
cycle  cost  and  the  comparison  of  the  C130E  costs  with 
replacement  aircraft  costs. 

Further  Research 

The  hypothesis  used  in  this  study  could  be  appl i ed  to 
other  aircraft  which  have  relatively  high  variable 
maintenance  costs  compared  to  their  fuel  costs.  Each 
aircraft  should  be  studied  on  an  individual  basis  because  of 
the  different  tradeoffs  between  fuel  consumption  and  speed. 
As  a  starting  point,  the  techniques  in  this  study  could  be 
applied  to  tur boprope II er  aircraft  such  as  the  RAAF  and  USAF 
C130H  aircraft  and  P3  Orion  aircraft  flown  by  the  RAAF  and 
United  States  Navy. 

The  effect  of  aircraft  age  on  variable  operating  costs 
could  also  be  studied,  to  determine  if  the  cruise  speeds  of 
some  aircraft  should  be  increased  with  age.  A  study  of 
paint  technology  may  lead  to  the  use  of  a  paint  which  meets 
the  operational  camouflage  requirements  of  the  European 
paint  used  by  the  USAF,  but  reduces  the  drag  index  to  al low 
increased  cruising  speeds,  fuel  economy  and  decreased 
operating  costs. 
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Append i  x  A :  Term i no  1 o 


This  appendix  defines  some  of  the  terms  and  acronyms 
used  within  this  study. 


AFR 

AFRES 

ALERT 

ANG 

AUS 

CAN 

CRUISE 

DLM 

OTIC 

HRS 

ICAO 

IROS 

ISA 

JETPLAN 

LBS 

MAC 

MAC PLAN 

MACR 


[United  States]  Air  Force  Regulation. 
[United  States]  Air  Force  Reserve. 

Air  Logistics  Early  Requirements  Technique 
[United  States]  Air  National  Guard. 

Austr a  I  i an . 

Canad i an . 

The  phase  of  f I ight  when  the  aircraft  has 
finished  climbing  and  is  maintaining  a 
constant  attitude. 

Depot  Level  Maintenance. 

Defense  Technical  Information  Center. 

Hours . 

International  Civil  Aviation  Organization. 
Increaseld]  Re  I  iabi  I  i ty  Operational  System 
International  Standard  Atmosphere. 

A  computer  f I ight  planning  system  used  by 
the  RAAF  and  Canadian  C130E  squadrons. 
Pounds . 

Military  Airlift  Command . 

A  computer  f I ight  planning  system  used  by 
USAF  C130E  squadrons. 

Military  Airlift  Command  Regu I  at i on . 
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MINS 


M i nu  tes . 


MTFA  Minimum  Time  for  Fuel  Available.  A  cruise 

technique  used  by  the  Canadian  Forces. 

OPEC  Organization  of  Petroleum  Exporting 

Countr i es . 

R1 ,  R2,  R3 ,  R4  Scheduled  servicings  in  the  RAAF . 

RANGE  The  distance  which  an  aircraft  is  able  to 

fly  with  a  defined  amount  of  fuel. 
Maximizing  the  range  requires  that  the  fuel 
used  per  unit  of  distance  be  a  minimum. 

For  aerodynamic  reasons,  which  are  beyond 
the  scope  of  this  paper,  the  maximum  range 
for  an  aircraft  at  a  specified  weight  will 
occur  at  only  one  airspeed,  cal  led  the 
maximum  range  speed  as  shown  on  Figure  1. 

SNCO  Senior  Non  Commissioned  Officer. 

TAS  True  Air  Speed. 

TRUE  AIR  SPEED  The  speed  at  which  an  aircraft  wi  I  I  travel 

in  no  wind.  This  speed  is  measured  in 
knots.  One  knot  is  a  speed  of  one  nautical 
mile  per  hour.  100  knots  is  equivalent  to 
125  mi  I es  per  hour. 

TURBINE  INLET 

TEMPERATURE  A  measure  of  the  power  being  generated  by 

an  engine.  Many  C130  operators  use  the 
throttles  to  set  a  specific  turbine  inlet 
temperature  during  the  cl imb  and  the 
cru i se . 

US  United  States. 
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Appendix  B:  Australian  Costing  Section  Terminology  and 
Methodology  for  Determining  Flying  Hour  Rates 

The  following  information  is  quoted  from  personal 
correspondence  to  the  author  by  David  Spouse,  David, 
Director  of  Costing  Department  of  Defence,  Canberra  (47). 

Fu I  I  Cost 

Full  cost(s)  comprise  direct  costs  plus  on  costs  [and] 
capital  costs. 


Direct  Costs 


[Direct  costs  include]  Petrol,  Oils,  and  Lubricants 
(POL);  replacement  spares;  contract  servicing;  In-House 
Servicing  and  Crew  Costs. 

a.  Petrol.  Oils  and  Lubricants.  The  average  price  per 

I  iter  is  mu  I t i p I  ied  by  [the  number  of]  I  iters  consumed  per 
hour  for  each  aircraft  type. 

b.  Spares .  RAAF  spares  rates  are  based  on  the  previous 
five  years  obligations  for  Air  Stores  and  E I ectr i ca I , d i v i ded 
by  the  actual  flying  hours  for  the  same  period.  Previous 
years  obligations  and  expenditures  are  escalated  to  current 
fiscal  year  dollars  by  applying  an  escalation  indice. 

c.  Contract  Servicing.  The  contract  servicing  element  is 
based  on  actual  expenditure  over  the  previous  five  financial 
years  divided  by  actual  flying  hours  achieved  over  the  same 
period.  Previous  years  expenditures  are  escalated  to 
current  fiscal  year  dollars  by  applying  an  escalation 

i nd i ce . 

d.  In-House  Servicing.  An  average  cost  per  manhour  is 
calculated  for  each  squadron  with  a  servicing  capability. 

The  total  cost  is  divided  by  the  number  of  personnel  in  the 
squadron  to  obtain  the  average  manhour  cost  per  squadron. 
This  [average  cost]  is  then  multiplied  by  the  maintenance 
manhours  per  aircraft  type  to  achieve  the  total  cost  of 
maintenance  manhours  expended  per  aircraft  per  squadron.  If 
more  than  one  squadron  performs  maintenance  for  a  single 
aircraft  type,  the  hours  are  added  to  calculate  an  overall 
maintenance  cost  for  that  aircraft  type.  The  final  total  is 
divided  by  the  actual  hours  flown  for  the  aircraft  type  in 
the  previous  financial  year. 

e.  Crew  Costs.  The  cost  per  hour  of  the  average  crew 
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complement  is  determined  by  multiplying  the  number  of 
personnel  for  each  nominated  position  by  rank  at  the  direct 
cost  level  per  aircraft  type. 


On  Costs 


Standard  Departmental  On  Costs  are  appl i ed  to  the 
[direct  cost]  elements  at  the  following  percentages: 

Petrol,  Oils  and  Lubricants  15  percent 

Spares  20  percent 

Contract  Servicing  5  percent 

[The  On  Costs  for]  squadron  servicing,  depot  servicing  and 
crew  costs  [are  calculated  using]  the  general  service  rate 
plus  the  base  support  rate. 

a.  General  Service  Rate.  The  general  service  rate 
represents  the  cost  per  employee  to  the  Department  of 
Defence  for  providing  services  of  a  general  nature  such  as 
medical  and  dental  services,  office  accommodation  and 
utilities.  [Cost]  components  are  extracted  from  [the 
budget]  Appropriations  Bill  Number  One. 

b.  Base  Support  Rate.  The  base  support  rate  represents 
the  administrative  support  costs  per  employee  for  an 
operational  area  to  function  effectively.  The  civilian  base 
support  rate  is  advise  by  the  Public  Service  Board....  The 
military  Base  Support  Rate  is  derived  from  administrative 
support  costs  at  nine  RAAF  Base  Squadrons. 


Cap i ta I  Costs 

[Capital  costs  include]  the  amortization  of  the 
original  purchase  of  the  aircraft  and  the  amortization  cost 
of  modifications  [made  to  maintain  or  improve  the  aircraft 
capability].  The  two  components  of  capital  cost  are  then 
added  to  obtain  the  capital  cost  element. 

a.  Amor t i zat i on ,  Interest  on  Capital.  [The  amortization 
interest  on  capital]  is  calculated  by  taking  the  capital 
cost  of  the  aircraft  type  and  multiplying  the  cost  by  the 
capital  recovery  factor,  according  to  the  aircraft’s  life  of 
type.  This  cost  is  then  divided  by  the  actual  flying  hours 
for  the  previous  financial  year  to  give  a  cost  per  hour. 

b.  Mod i f i cat i ons .  Expenditure  [on  modifications]  for  the 
f i nanc i a  I  year  i s  mu  I t i p I  i ed  by  a  f ac tor  according  to  the 
remaining  life  of  the  aircraft  and  then  added  [to  earl ier 
amortization  calculations  on  the  aircraft  capital  cost]. 

This  progressive  cost  is  divided  by  the  actual  flying  hour 
in  the  previous  financial  year  to  give  a  cost  per  hour. 
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Appendix  C: 


RAAF  Cl  30  Maintenance  Schedules 


This  appendix  shows  the  changes  in  the  RAAF  Cl  30 
servicing  schedules  effective  on  1  March  1989.  The 
information  is  reprinted  from  Headquarters  Support  Command 
letter  entitled  “C130E  and  H  Aircraft  -  Introduction  of 
Revised  Maintenance  Requirements"  (3:2). 


Type  of  Servicing 

Schedule  Before 

1  March  1989 

Schedule  After 

1  March  1989 

R 1 

30  days 

45  days 

R2 

320  flying  hours 

1  76  days 

R3 

1200  flying  hours 
or  100  weeks 

76  weeks 

R4 

640  flying  hours 

1  ncorporated 
into  R2  and  R3 

DIM 

3400  flying  hours 
or  140  weeks 

1 58  weeks 
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Appendix  D:  Manpower  Hours  Worked  on  Contract  Servicing 
of  RAAF  C130  Aircraft  During  the  Period  1987  to  1989 

This  appendix  shows  the  manpower  hours  worked  by 
civilian  contract  maintenance  on  RAAF  C130  aircraft.  The 
data  was  compiled  from  personal  correspondence  to  the  author 
from  SQNLDR  N .  Oil  iff,  RAAF  Resident  Engineer  QANTAS  (32). 

Al I  data  was  rounded  to  the  nearest  manpower  hour.  The 
mean  and  standard  deviation  were  calculated  using  the 
spreadsheet  QUATTRO .  Some  of  the  types  of  maintenance  which 
were  performed  by  the  contractor  were  not  itemized.  An 
asterisk,  *,  indicates  that  planning  estimates  of  the 
required  manpower  hours,  have  been  included  in  tne  data.  A 
«  indicates  that  the  data  includes  the  manhours  for  the 
aircraft  repaint  within  the  modification  subtotal.  The 
C130E  aircraft  are  listed  separately  from  the  C130H  aircraft 
and  are  then  I isted  in  the  chronological  order  in  which  they 
were  serviced.  There  is  no  significance  to  the  number  of 
C130E  and  C130H  aircraft  which  were  serviced  during  the 
period.  Other  aircraft  had  similar  servicings  performed  by 
the  RAAF’s  NO  2  Aircraft  Depot. 
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Manpower  Hours  Worked  on  Contract  Maintenance  of  RAAF  C130E 
During  the  Period  1  July  1987  to  30  Apr i I  1 989 


A i rcraft 

Ta  i  1 

Number 

Manpower  Hours  For  Each  Type  of  Maintenance 

S3 

R3 

Paint 

Mod i f y 

Depot 

Total 

160 

300* 

0 

0 

74 

8,791 

9,165 

168 

0 

0 

0 

3 , 4864 

11,611 

15,097 

159 

0 

4,500* 

2,500* 

251 

7,178 

14,429 

1  72 

300* 

0 

0 

3,492« 

12,157 

15,949 

167 

300* 

0 

2 , 732 

1  13 

8,140 

1 1 ,285 

1  77 

300* 

4,500* 

3,144 

97 

1  0 , 338 

18,379 

1  72 

300* 

4 , 500* 

3 , 366 

1  ,345 

9,317 

18,828 

180 

300* 

4,500* 

3,174 

670 

1  1  ,  698 

20,342 

189 

300* 

4,500* 

3,512 

3,014 

13,722 

25,048 

Mean 

1  0 , 328 

16,502 

Standard  Deviation 

2,013 

4 , 525 

Manpower  Hours  Worked  on 

Contract  Maintenance  of  RAAF  C130H 

Dur 

nq  the  Per i od 

1  July 

1987  to  30  Apr i 1  1989 

A  i  rcraf t 
Ta  i  1 

Number 

Manpower  Hours 

For 

Each  Type 

of  Maintenance 

S3 

R3  Pa  i 

nt 

Mod i f y 

Depot 

Tota  1 

006 

300* 

0 

0 

0 

5,387 

5,687 

004 

0* 

0 

0 

0 

5,133 

5,133 

009 

300* 

0 

0 

30 

6,724 

7,054 

010 

300* 

4,500* 

0 

99 

4,803 

9, 702 

01  1 

300* 

4 , 500* 

0 

1  1  8 

5,608 

10,526 

Mean 

5,331 

7,620 

Standard  Deviation 

653 

2,145 

*  indicates  an  estimate  base  on  planned  manpower  hours. 

4  indicates  the  modifications  manpower  hour  include  time 
spent  painting  the  aircraft. 


Appendix  E:  Cost  of  Civilian  Contract  Servicings  Performed 
on  RAAF  C130  Hercules  Aircraft  from  1987  to  1989 

This  appendix  shows  the  cost  of  civilian  contract 
servicing  for  the  RAAF  C130  aircraft  in  the  period  1987  to 
29  May  1989  corresponding  to  the  manpower  hours  I isted  in 
Appendix  D.  The  cost  of  each  service  does  not  include  any 
parts  or  materials.  The  cost  of  each  service  varies  with 
both  the  number  of  manpower  hours  and  the  cost  of  each 
manpower  hour.  The  cost  for  a  manpower  hour  on  1  July  1987 
was  $37.85(AUS).  This  cost  increased  to  $40.90(AUS)  on  1 
July  1988  and  then  to  *45.60(AUS)  on  1  July  1989.  Work 
performed  overlaps  *-he  change  in  rates.  The  costs  I  isted 
are  in  terms  of  the  do  I  I ar  costs  in  the  year  they  were  paid 

The  data  was  obtained  from  the  RAAF  Resident  Engineer 
SQNLDR  N.  O I  I  iff  (34)  . 


Aircraft  Cost 

Tail  Number 


C130E 

1  60 
168 
1  59 
1  72 
167 
1  7  7 
1  72 
180 
189 


006 
004 
009 
010 
01  1 


of  Contract  Servicing 
(*AUS) 


346,917 
571 ,455 
547,248 
603,695 
461 , 555 
751 , 707 
7  70,062 
831 , 984 
1 ,024,463 


215,260 

194,283 

288,506 

397,441 

433,983 


C130H 


Appendix  F:  Survey  Of  RAAF  C130  Hercules  FI ight 
Line  Maintenance  Supervisors 


This  appendix  includes  a  statement  as  to  the  purpose  of 
the  survey  and  the  survey  instrument  which  were  both  sent  to 
486  Maintenance  Squadron  C130  Hercules  Maintenance 
Super v i sors . 

Purpose  of  Survey 

This  survey  is  being  distributed  to  all  Senior  Non 
Commissioned  Officers  at  486  Squadron  who  have  supervisory 
res pons i b  i  I  i t i es  for  C130  Hercules  ma intenance.  Each 
supervisor  is  requested  to  complete  the  survey  based  on 
personal  experience  and  opinion.  The  information  gathered 
in  the  survey  is  being  used  in  a  study  of  the  operating 
costs  for  the  C130E  Hercules  compared  with  the  operating 
costs  of  the  C130H  Hercules.  You  do  not  need  to  indicate 
your  name  on  the  survey.  The  survey  wi  I  I  take  less  than 
five  minutes  to  complete.  Thank  you  for  your  cooperation. 
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Survey  Of  RAAF  C130  Hercules  F  I  i  <3  h_t 
Line  Maintenance  Supervisors 

The  f o I  lowing  questions  should  be  answered  on  the  basis 
of  your  personal  experience  and  opinions  about  f I ight  I  me 
maintenance  of  C130H  and  C130E  aircraft. 

1.  Please  indicate  your  mustering 

airfr ame  . 

e I ec  tr i ca I  . 

eng i ne  . 

instrument  . 

radio  . 

o  f  f i cer  . 

2.  Optional  Question.  How  long  have  you  been  involved  in 
supervising  fl ight  I i ne  maintenance? 

. . . .years  . . . .months 

3.  Apart  from  scheduled  servings  such  as  R1,  R2 ,  R3 ,  and 
DLM,  do  you  believe  that  there  is  any  difference  in  the 
number  of  manhours  required  to  keep  C130E  aircraft 
serviceable  compared  with  C 1 30H  aircraft? 

No,  there  is  no  d i f ference  .... 

Yes,  there  is  a  difference  in  my  muster i ng  .... 

Yes,  but  this  difference  is  not  in  my  muster  1 ng  .... 

If  you  answered  NO,  go  to  question  5. 

If  you  answered  YES,  continue  with  question  4. 

4.  Which  model  C130  aircraft  requires  the  most  manhours  of 
f I ight  I i ne  maintenance? 

CI30E  .... 

C130H  .... 
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5.  Vtfhat  is  your  estimate  ot  the  percentage  difference  in 
manhours  worked  on  f I ight  I i ne  maintenance  for  the  C130E  and 
C130H? 


Indicate  which  aircraft  type  corresponds  to  your 
opinion:  for  example  55 .  45 . 


50 . 

50  . 

55 . 

45  . 

60 . 

40  . 

65 . 

35  . 

70 . 

30  . 

75 . 

25. 

80 . 

20  . 

6.  Do  you  have  any  other  comments  about  the  differences  in 
maintenance  of  C130E  and  C130H  aircraft?  (Use  the  back  of 
this  sheet  if  necessary). 
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Appendix  G:  Results  of  Survey  About  RAAF  C 1 30 
FI ight  Line  Maintenance 


This  appendix  shows  the  results  of  a  survey  of  the 
flight  line  maintenance  supervisors  responsible  for  C130 
maintenance  at  486  Squadron  RAAF  Base  Richmond.  The 
population  of  19  SNCOs  was  surveyed  over  the  period  from  8 
June  1989  to  21  July  1989.  Responses  were  received  from  al I 
19  SNCOS. 

Survey  Question 

Apart  from  scheduled  servings  such  as  R1,  R2 ,  R3 ,  and 
DIM,  do  you  be  I  i eve  that  there  is  any  difference  in  the 
number  of  manhours  required  to  keep  C130E  aircraft 
serviceable  compared  with  C130H  aircraft? 

No,  there  is  no  difference  .... 


Yes,  there 

Resu 1 ts 

is  a  d i f  ference 

Number 

Percentage 

No,  there  is  no 

d  i  f  ference 

1 

5.3 

Yes,  there  is  a 

d  i  f  ference 

18 

94 . 7 

Total 

19 

100.0 

Survey  Question 

Which  model  C 1 30  aircraft  requires  the  most  manhours  of 
ft  ight  I i ne  maintenance? 

Cl 30E  .... 

C130H  .... 
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Resu I ts 


C130E  more  than  C130H 
C130H  more  than  C130E 
C130E  and  C130H  the  same 
Total 


Number 
1  7 
1 
1 

19 


Percentage 

89.4 

5.3 

5.3 

100.0 


Survey  Question 

What  is  your  estimate  of  the  percentage  difference  in 
manhours  worked  on  f I ight  I i ne  maintenance  for  the  C130E  and 
C130H? 

Indicate  which  aircraft  type  corresponds  to  your 


opinion:  for  example 


55 


50. 

55 

60. 

65. 

70. 

75. 

80. 


50 

45 

40 

35. 

30. 

25 

20 


45 


Resu I ts 


Number 


Percentage 


C130E 

60 

percent 

C130H 

40 

per  cen  t 

1  1 

57.3 

C130E 

55 

per cen  t 

C130H 

45 

percent 

6 

31.5 

C130E 

50 

percent 

C130H 

50 

percent 

1 

5.3 

C130E 

35 

percent 

C130H 

65 

percent 

1 

5.3 

Total 

19 

100.0 

Ana  1 ys i s 

of  Responses 

b*_ 

SNC0  Trade 

The  responses  of  the  SNCOs  have  been  col lated  in  their 
trade  groups.  The  respondents  who  repl i ed  that  the 
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Maintenance  manhours  for  the  C130E  and  C130H  are  the  same 


are  indicated  by  C130E  =  C130H.  Respondents  who  repl i ed 
that  the  C130H  required  more  manhours  than  the  C130E  are 
indicated  by 

C130H  >  CI30E.  Those  who  replied  that  the  C130E  required 
more  manhours  are  indicated  by  C130E  >  C130H. 


SNCO 

Trade 

Supervisor  Response 

C130E  = 

C130H  C130H  >  C130E  C130E 

>  C130H 

A  i  r  f  r  ante 

— 

— 

5 

Rad  i  o 

- 

- 

2 

1  nstrument 

- 

- 

2 

E 1 ectr i ca 1 

- 

- 

2 

Eng i ne 

1 

1 

6 

Total 

1 

1 

1  7 
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Appendix  H:  Changes  in  the  Average  RAAF  Fuel  Prices 
for  the  Period  January  1988  to  April  1989 


This  appendix  shows  the  average  fuel  price  per  litre 
for  all  RAAF  bases  for  the  period  1  January  1988  to  30  April 
1989.  The  data  was  obtained  from  personal  cor respondence  to 
the  author  from  VMGCDR  P.R.  Johnson,  RAAF  (18). 


Year 

Month 

Cost  per  Litre 
(*AUS) 

1988 

January 

0.2919 

February 

0.3023 

March 

0.3023 

Apr  i  1 

0.3023 

May 

0.3023 

June 

0.3023 

July 

0.2598 

August 

0.2524 

September 

0.2486 

October 

0.2241 

November 

0.2241 

December 

0.2241 

1989 

January 

0.2241 

February 

0.2323 

March 

0.2354 

Apr  i  1 

0.2672 
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Append i x  I :  United  States  Department  of  Defense  Fuet  Prices 


This  appendix  begins  by  defining  some  of  the 
terminology  used  within  the  United  States  Department  of 
Defense  in  relation  to  fuel  costs.  Then  the  method  of 
establishing  fuel  prices  within  the  department  is  explained. 
The  information  is  compiled  from  personal  correspondence  to 
the  author  from  L.  Smith,  Lead  Budget  Analyst  Air  Force 
Stock  Fund  (44) . 

Term i no  I ogy 

RAC  Cost.  “RAC  cost"  is  the  "price  of  the  crude’  oil 
"product  free  on  board"  at  the  refinery. 

Product  Cost.  "The  product  cost  is"  the  "worldwide 
average  cost  to  the  Defense  Fuels  Supply  Center  for  refined" 
o i I  product . 

Price  Mechanism 

The  Office  of  Management  and  Budget  (OMB)  estimates  the 
RAC  price  for  each  year.  The  Office  of  the  Secretary  of 
Defense  (OSD)  quantifies  the  annual  change  in  the  OMB  RAC 
cost.  OSD  then  adds  the  estimated  transportation  and 
storage  costs  for  a  particular  budget  year.  The  total  of 
these  calculations  becomes  the  Department  of  Defense 
"composite  cost  per  barrel”.  The  Defense  Fuels  Supply 
Center  uses  the  composite  price  to  determine  the  sales  price 
of  each  grade  of  fuel  to  all  Department  of  Defense  agencies. 
The  sales  prices  are  guaranteed  by  the  Defense  Fuels  Supply 
Center  at  least  one  year  in  advance  under  the  Department  of 
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Defense  Price  Stabilization  Policy.  Therefore  each  agency 
has  a  predictable  budget. 

Difference  between  Sales  Price  and  Actual  Price 

The  guaranteed  stabilization  sales  price  may  be  too 
high  or  too  low  due  to  actual  procurement  costs  varying  from 
the  costs  anticipated  in  the  budget.  When  the  guaranteed 
price  is  higher  than  the  actual  procurement  price,  the 
Defense  Fuels  Supply  center  generates  excess  cash  which  is 
usually  transferred  or  refunded  to  customers.  When  the 
guaranteed  price  is  lower  than  the  actual  procurement  price, 
the  Defense  Fuels  Supply  Center  uses  the  available  stock 
fund  cash.  When  the  cash  balance  in  the  stock  fund  is  too 
low,  the  Price  Stabilization  Policy  may  be  broken  and  the 
price  charged  to  defense  agencies  may  be  increased. 

Additional  budget  allocations  may  also  be  sought.  In  1989 
the  Defense  Fuels  Supply  Center  set  a  stabilized  sales  price 
of  *21.65(US)  per  barrel  which  was  $4.81 (US)  more  than  the 
procurement  price.  The  anticipated  profits  were  transferred 
back  to  customers. 

The  stabilized  sales  price  for  fiscal  year  1990  is 
$23.56(US)  but  this  is  will  be  reviewed  in  September  1989  due  to 
the  changes  in  oil  prices  following  the  oil  spill  in  Alaska 
ear  I y  in  1 989 . 
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Append i x  J : 


USAF  Logistic  Cost  Factors 


The  USAF  Logistic  Cost  Factor  definitions  are  reprinted 
from  the  United  States  Air  Force  "Cost  and  Planning 
Factors"  in  AFR  173-13  (55:3,4). 


Contract  Maintenance 


Contract  maintenance  is  performed  under  contract  by 
private;  commercial  organizations  using  contractor  personnel 
and  facilities  or  gover nment- fur n i shed  materials  and 
facilities.  Contract  costs  include  payments  to  contractors 
and  the  dollar  value  of  government  furnished  material 
provided  to  the  contractor. 


Depot  Maintenance  Costs 

Aircraft  depot  maintenance  costs  include  alt  organic 
and  contract  elements  incurred  by  the  Depot  Maintenance 
Service;  Air  Force  Industrial  Fund  to  inspect,  repair, 
overhaul  or  perform  other  maintenance  not  performed  at  base 
level.  Depot  costs  ...(include)  class  IV  and  class  V 
modifications....  Modification  costs  only  include  labor 
installation  only;  hardware  costs  for  modification  kits  are 
estimated  separately. 

a.  Class  IV  Modifications.  Class  IV  Modifications  consist 
of  retrofit  changes  required  to  ensure  safety  of  personnel, 
systems,  or  equipment. 

b.  Class  V  Modifications.  Class  V  modifications  provide 
new  or  improved  operational  capab i I ity. 


Flying  Hour  Consumable  Suppl i es 

(The  flying  hour  consumable  suppl ies  are  the) 
expendable  suppl ies,  associated  directly  with  the  flying 
mission  (nuts,  bolts  and  smalt  tools). 


Fuel  Costs 


(The  fuel  cost  is  based  on)  the  Air  Force  composite  jet 
fuel  price  of  $0.61 (US)  per  gallon.  The  composite  (fuel) 
price  was  derived  from  ...  the  consumption  of  93  percent  JP4 
and  7  percent  JP8. 
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Organic  Depot  Maintenance 


Organic  [maintenance]  refers  to  maintenance  performed 
by  the  Air  Force  using  government  owned  or  control  led 
f ac i I  i t i es ,  equ i pment ,  and  military  or  civilian  govcr ■  .men t 
personne I .  Organ i c  costs  i nc I ude  c i v i I i an  I abor ,  m i I i tar y 
labor,  material  expense  and  overhead  expense. 


Replenishment  Spares 

Replenishment  spares  are  high  cost  reparable  items... 
which  are  repaired  when  damaged,  as  long  as  the  estimated 
cost  of  repair  is  65  percent  or  less  than  the  acquisition 
cost....  The  replenishment  spares  factors  only  includes  the 
estimated  cost  to  procure  spares  and  does  not  include  the 
cost  of  repairing  the  spares.  The  cost  of  repairing  the 
spares  is  included  in  the  depot  maintenance  factors  or  the 
base- I  eve  I  maintenance  costs. 


Support  Equipment 

[The  Support  Cost]  is  the  yearly  cost  to  replace 
organizational  and  intermediate  base  level  support  equipment 
used  in  direct  support  of  aircraft  requirements  for  out  of 
production  aircraft  as  well  as  corrwnon  support  for  new 
aircraft  entering  the  inventory. 
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Appendix  K:  USAF  Appr opr i at i on  or  Major  Command  Fuel 
Consumption  Factors  in  US  gallons  per  Flying  Hour 
for  Fiscal  Year  1989 

The  information  in  this  appendix  is  reprinted  from 
United  States  Air  Force  "USAF  Cost  and  Planning  Factors"  AFR 
173-13  Table  2-9  (55:20). 


USAF  Appropriation  or 

Major  Command 

C130E 

C130H 

Operations  and  Maintenance 

781 

786 

Air  Force  Reserve 

712 

812 

Air  National  Guard 

768 

837 

Air  Force  Europe 

837 

- 

M i  1  i tar y  A i r 1  i f  t  Command 

763 

824 
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Appendix  L:  Conversion  of  AFR  173-13  Logistics  Data  from 
Fiscal  Year  1987  Do  I  I ars  to  Fiscal  Year  1989  Do  I  lars 


This  appendix  shows  the  conversion  of  the  logistic  cost 
data  from  fiscal  year  1987  do  I  lars  to  fiscal  year  1989 
dollars.  C130E  and  C130H  data  are  included  in  this  appendix 
as  a  source  of  comparison  for  the  difference  between  the 
operating  costs  for  these  two  aircraft  in  the  USAF.  The 
cost  data  from  AFR  173-13  dated  9  March  1988  is  shown  on 
Table  XI . 

Conversion  of  1987  do  I  lars  to  1989  do  I  lars  is  achieved 
by  using  inflation  factors.  Table  2-5  of  AFR  173-13  I ists 
USAF  RAW  Inflation  Indices  for  base  years  fr^rn  1983  to  1990. 
An  inflation  indices  is  publ ished  for  each  different  USAF 
budget  allocation  such  as  procurement  and  operations  and 
maintenance.  The  1987  inflation  indices  required  to  convert 
Table  XI  data  to  1989  do  I  lars  are  shown  on  lable  ~ I  I  . 

The  logistics  cost  factors  in  Table  XI  are  converted 
from  1987  dollars  to  1989  dollars  by  multiplying  them  by  the 
inflation  indices  in  Table  XII.  In  calculating  the  1989 
dollar  costs  for  operating  C130E  aircraft,  the  Defense  Fuel 
Supply  Center  price  for  fuel  of  $0.61 (US)  has  been  used 
because  this  price  gives  more  accurate  costs  than  the 
inflation  indices  (21)  The  results  of  these  calculation 
are  shown  on  Table  XIII. 
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Table  XI 


Logistic  Cost  Factors  for  USAF  C130E  and  C13QH  Aircraft  for 
Fiscal  Year  1989  Budget  Expressed  in  Terms  of  1987  Pol  I ars 

Source:  55:8 


Variable  Cost  Per  Flying 

Hour 

Cost  Factor 

Cl  30E 

C  1  30H 

*  (US) 

*  (US) 

Consuinab  1  e  Suppt  i  es 

Systems 

1  16 

56 

Genera  1 

86 

145 

Depot  Maintenance 

444 

310 

Replenishment  Spares 

332 

332 

Fue  1 

576 

579 

Total  Variable  Costs 

*1 ,554 

*1 ,422 

Fixed  Annual  Costs  Per  Primary  Authorized  Aircraft 

Cost  Factor 

C130E 

C130H 

*(US) 

*  (US) 

Depot  Maintenance 

Support  Equipment 

195,387 

93,000 

Total  Fixed  Costs 

*220 , 587 

*120,000 

1  32 


Tab  I e  XII 


Inflation  Indices  to  Convert  Logistic  Cost  Factors  from 
Fiscal  Year  1987  Pol  I ars  to  Fiscal  Year  1989  Pol  I  ars 

Source:  55:92 


Logistics  Factors 

Applicable  Inflation 

1 nd i ces  Title 

1  nd i ces 

Consumable  Suppl i es 

Non  Aircraft  Procurement 

1.071 

Depot  Maintenance 

Operations  and  Management 
For  non  Petrol  and  Oi 1 

1.071 

Replenishment  Spares 

Aircraft  Procurement 

1.071 

Fue  1 

Fue  1 

1.241 

Support  Equipment 

Aircraft  Procurement 

1.071 
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Tab  I e  XIII 


Logistic  Cost  Factors  for  USAF  C130E  and  C130H  Hercules 
Aircraft  i n  Terms  o f  1 987  and  1989  US  Pol  I ars 


Variable  Cost  Per 

Flying 

Hour 

Cost  Factor 

1987 

Do  liars 

1989  Do  1 

1  ars 

Cl  30E 

C130H 

C130E 

C130H 

Consumable  Suppl i es 

Systems 

1  16 

56 

1  24 

60 

Ger.cr-! 

56 

145 

60 

1  55 

Depot  Maintenance 

444 

310 

476 

332 

Replenishment  Spares 

332 

332 

356 

356 

Fuel 

576 

579 

476 

4  79 

Total  Variable  Costs 

$1 ,554 

$1 ,422 

$1 ,492 

$1 , 382 

Fixed  Annual  Costs  Per  Primary  Author 

zed  Aircraft 

Cost  Factor 

1987  Do  1  1 ars 

1989  Do  1 

1  ars 

C130E 

C130H 

C130E 

Cl  30H 

Depot  Maintenance 

195,387 

93,000 

202 , 259 

99 , 603 

Support  Equipment 

27,000 

27,000 

28,917 

28,917 

Total  Fixed  Costs  $220,587 

$120, 000 

$231 , 176  $128,520 
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Append i x  M: 


RAAF  C130E  Hercules  Mission  Codes 


The  following  information  was  compiled  from  the  RAAF 
“C130  Hercules  Structural  Integrity  Position  Statement  Issue 
5"  (37) . 


M  i  ss 

Code 

on  M i ss i on 

Type 

Descr i pt i on 

1 

Bas i c  Tr a i n i ng 

Less  than  4.5  hours  and 
includes  training 

2 

Shu  1 1 1  e 

Less  than  1.5  hours  and 

Take  off  fuel  greater  than 

32,000  pounds. 

3 

Shu  1 1 1 e 

Less  than  1 .5  hours; 

Fuel  greater  than  27,000  but 
less  than  32,000  pounds;  and 
Cargo  greater  than  10,000  pounds 

4 

Shutt 1 e 

Less  than  1.5  hours; 

Fuel  greater  than  27,000  but 
less  than  32,000  pounds; 

Cargo  less  than  or  equal  to 

10,000  pounds. 

5 

Shutt 1 e 

Less  than  1.5  hours  and 

Fuel  greater  than  20,000  but 
less  than  or  equal  to  27,000 
pounds . 

6 

Shu  1 1 1 e 

Less  than  1 .5  hours  and 
fuel  less  than  20,000  pounds. 

7 

Short  Range 

Log i s  t i cs 

Less  than  4.5  hours  but 
greater  than  or  equal  to  1.5 
hours ; 

Fuel  greater  than  34,000;  and 
Cargo  less  than  or  equal  to 

10,000  pounds. 
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M i ss i on 
Code 


M i ss i on 
Type 


Descr i pt i on 


6 

Short  Range 
Log i st i cs 

Less  than  4.5  hours  but 
greater  than  or  equal  to  1.5 
hours ; 

Fuel  greater  than  34,000;  and 
Cargo  greater  than  10,000  but 
less  than  or  equal  to  20,000 
pounds . 

9 

Short  Range 
Log i st i cs 

Less  than  4.5  hours  but 
greater  than  or  equal  to  1.5 
hours ; 

Fuel  greater  than  34,000;  and 
Cargo  less  than  or  equal  to 
10,000  pounds. 

10 

Short  Range 
Log i st i cs 

Less  than  4.5  hours  but 
greater  than  or  equal  to  1.5 
hours  and 

Fuel  less  than  or  eq>  al  to 

34,000  pounds. 

1  1 

Long  Range 

Log i st i cs 

Greater  than  or  equal  to  4.5 
hours  and 

Cargo  less  than  or  equal  to 
10,000  pounds. 

12 

Long  Range 

Log i st i cs 

Greater  than  or  equal  to  4.5 
hours  and 

Cargo  greater  than  10,000  but 
less  or  equal  to  20,000  pounds. 

13 

Long  Range 

Log i st i cs 

Greater  than  or  equal  to  4.5 
hours  and 

Ca. go  greater  than  20,000  pounds 

14 

Low  Leve 1 

Altitude  less  than  or  equal  to 
2,000  feet  above  ground  level 
for  more  than  30  minutes  and 

Airspeed  greater  than  190  knots. 
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Appendix  N:  USAF  C13QE  Hercules  Mission  Codes 

The  following  data  is  reprinted  from  a  report  by  O.G. 
Crooks  et  a  I  .  entitled  "FY85  C130  Service  Life  Analysis" 
(5:3-5) . 


M i ss i on 

Code 

M  i  ss  i  on 

Type 

Descr i pt i on 

1 

Pr o  f i c i ency 

Tr a i n i ng 

Sortie  that  contains  both  touch- 
and-go  and  stop-and-go  type 
intermediate  landings. 

2 

Bas  i  c 

Tr a i n i ng 

Sortie  that  contains  only  touch- 
and-go  type  intermediate 

1  and i ngs . 

3 

Shutt 1 e 

A  sortie  that  has  no 
intermediate  landing  and  has  a 
duration  equal  to  or  less  than 

1 . 5  hours . 

4 

Short  Range 

Log i st i cs 

A  sortie  that  contains  no 
intermediate  landing  and  has  a 
duration  greater  than  1.5  hours 
but  equal  to  or  less  than  4.5 
hours . 

5 

Long  Range 

Log i st i cs 

A  sortie  that  contains  no 
intermediate  landing  and  has  a 
duration  greater  than  4.5  hours 

6 

A  i  rdr  op 

A  sortie  that  contains  an 
inf  1  ight  payload  drop.  May 
contain  both  types  of 
intermediate  landings  and  high 
speed  low-level  operations  of 
less  than  30  minutes  total . 

7 

Storm 

Reconna i ssance 
or  Re  fue 1  i  ng 

Special ized  sortie  that  has  a 
duration  greater  than  8  hours 
for  the  weather  reconnaissance 
aircraft  or  contains  infl ight 
fuel  on-load  or  off-load. 
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M  i  ss  i  on 
Code 

M i ss i on 
Type 

Descr i pt i on 

8 

Combat 

A  sortie  that  contains  30 

Tr a i n i ng 

minutes  or  more  of  high  speed- 
low  level  operations  and  also 
contains  intermediate  type 
landings  which  can  be  either 
touch-and-go  or  stop-and-go. 

9 

Low  Leve 1 

A  sortie  that  contains  30 
minutes  or  more  of  high  speed- 
low  level  operations  with  no 
intermediate  landings. 

Note :  High  speed-low  level  consists  of  operations  at  a 

height  less  than  or  equal  to  2,000  above  ground  level  and  a 
speed  greater  than  or  equal  to  190  knots  equivalent  air 
speed . 
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Appendix  O:  Calculation  of  the  Change  in  C130E  Fuel 
Consumption  per  Hour  for  the  Cruise  at  260.  280, 
and  290  Knots  True  Air  Speed 

This  appendix  shows  the  fuel  flow  per  hour  per  engine 
extracted  from  the  USAF  C130E  Performance  Manual  (52).  The 
tables  use  100  percent  engine  performance  as  required  by 
MACR  55-130  (57:11-7).  "Range  Summary  Fuel  Flow"  graphs 
were  used  because  tabulated  data  was  not  available.  The 
graphs  are  va I  id  for  an  ISA  day.  The  graphs  al  low  for  the 
USAF  C130E  modifications  which  increase  aircraft  drag  and 
require  increased  fuel  flow  to  achieve  a  required  speed. 
These  modifications  include  ^nderwing  fuel  tanks,  pylons, 
long  wire  hr  antennas,  SKE  radome,  European  paint  and 
walkway  paint.  Table  XIV  shows  the  change  in  fuel 
consumption  for  cruises  at  260  and  280  knots  TAS.  Table  XV 
shows  the  fuel  consumption  changes  for  crises  at  290  and  280 
knots  TAS. 

Methodo I oqy .  The  fuel  flow  per  hour  per  engine  for  a 
TAS  was  extracted  from  the  Performance  Manual  graphs  for 
each  weight  and  altitude.  The  data  was  then  entered  into  a 
QUATTR0  spreadsheet.  The  difference  between  the  fuel  flow 
per  engine  at  each  TAS  was  then  calculated.  Then  the  hourly 
difference  in  fuel  consumption  for  the  four  aircraft  engines 
was  calculated.  An  asterisk,  *,  is  used  to  indicate  that 
fuel  flow  Information  was  not  available  because  the  aircraft 
could  not  maintain  the  required  TAS  at  that  altitude. 

Accuracy  of  Data.  The  fuel  consumption  graphs  can  be 
read  to  an  accuracy  of  plus  or  minus  five  pounds  per  hour 
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per  engine.  After  the  difference  in  fuel  flow  per  engine  is 
calculated,  the  accuracy  could  be  plus  or  minus  10  pounds. 
When  this  fuel  consumption  per  engine  is  multiplied  by  4, 
the  accuracy  of  the  aircraft  fuel  flow  is  also  mu  I t i p I  i ed  by 
four.  Therefore  the  accuracy  of  the  calculated  aircraft 
fuel  consumption  is  plus  or  minus  40  pounds  of  fuel  per 
hour  . 
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Table  XIV 


Fuel  Consumption  for  a  USAF  C130E  at  260  and  280  Knots  TAS 


Cruise  at 

25,000  Feet 

A  i  rcraf t 

260  TAS 

280  TAS 

Fue 1  for  280 

A  i  rcraf t 

We i ght 

Fuel  per 

Fue 1  per 

TAS  Less  Fuel 

Fue 1  for 

Eng  i  ne 

Eng i ne 

for  260  TAS 

4  Eng i nes 

(  1  bs) 

( 1 bs/hr ) 

( 1 bs/hr) 

( 1 bs/hr) 

( 1 bs/hr) 

90,000 

815 

915 

100 

400 

100,000 

850 

940 

90 

360 

1  10,000 

885 

975 

90 

360 

120,000 

930 

1,010 

80 

320 

130,000 

980 

1 , 055 

75 

300 

140,000 

1 ,040 

* 

- 

- 

150,000 

* 

* 

Cruise  at  20,000 

Feet 

A  i  rcraf  t 

260  TAS 

280  TAS 

Fuel  for  280 

Aircraft 

We  i  ght 

Fuel  per 

Fuel  per 

TAS  Less  Fuel 

Fuel  for 

Eng i ne 

Eng i ne 

for  260  TAS 

4  Eng i nes 

(  1  bs) 

( 1 bs/hr ) 

( 1 bs/hr ) 

( 1 bs/hr ) 

( 1 bs/hr ) 

90,000 

915 

1 ,045 

130 

520 

100,000 

950 

1  ,065 

i  15 

460 

1  10,000 

975 

1  ,090 

1  1  5 

460 

120,000 

1  ,005 

1,115 

1  10 

440 

130,000 

1  ,045 

1.145 

100 

400 

140,000 

1  ,085 

1,180 

95 

380 

150,000 

1,130 

1 , 220 

90 

360 

Cruise  at  15,000 

Feet 

A  i  rcraf t 

260  TAS 

280  TAS 

Fuel  for  280 

Aircraft 

We i ght 

Fuel  per 

Fue 1  per 

TAS  less  Fuel 

Fuel  for 

Eng  i  ne 

Eng i ne 

for  260  TAS 

4  Eng i nes 

(lbs) 

( 1 bs/hr ) 

( 1 bs/hr ) 

(  1 bs/hr ) 

( 1 bs/hr ) 

90,000 

1  ,065 

1,215 

150 

600 

100,000 

1  ,080 

1 ,225 

145 

580 

1  10,000 

1,100 

1 , 240 

140 

560 

120,000 

1,120 

1 ,260 

140 

560 

130,000 

1,145 

1 , 285 

140 

560 

140,000 

1,180 

1,310 

130 

520 

150,000 

1  ,215 

1 ,335 

120 

480 
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Table  XV 


Fuel  Consumption  for  a  USAF  C130E  at  280  and  290  Knots  TAS 


Cruise  at 

25.000  Feet 

A  i  rcraft 

290  TAS 

280  TAS 

Fuel  for  290 

A  i  rcraft 

We  i ght 

Fuel  per 

Fuel  per 

TAS  Less  Fuel 

Fuel  for 

Eng  i  ne 

Eng i ne 

for  280  TAS 

4  Eng i nes 

(  lbs) 

( 1 bs/hr ) 

( 1 bs/hr ) 

( 1 bs/hr) 

( 1 bs/hr) 

90,000 

975 

915 

60 

240 

100,000 

1 ,000 

940 

60 

240 

1  10,000 

1 ,025 

975 

50 

200 

120.000 

1  ,055 

1,010 

45 

180 

130,000 

* 

1  ,055 

- 

- 

140,000 

« 

* 

- 

- 

150,000 

* 

* 

— 

— 

Cru i se  at 

20,000  Feet 

Aircraft 

290  TAS 

280  TAS 

Fuel  for  290 

Aircraft 

We  i  ght 

Fue 1  per 

Fuel  per 

TAS  Less  Fuel 

Fuel  for 

Eng i ne 

Eng i ne 

for  280  TAS 

4  Eng i nes 

(lbs) 

( 1 bs/hr ) 

( 1 bs/hr ) 

( 1 bs/hr ) 

( 1 bs/hr ) 

90,000 

1,120 

1  ,045 

75 

300 

100,000 

1,135 

1  ,065 

70 

280 

1  10,000 

1,155 

1  ,090 

65 

260 

120,000 

1,180 

1,115 

65 

260 

130.000 

1 , 205 

1,145 

60 

240 

|  140,000 

1 , 240 

1,180 

60 

240 

150,000 

* 

1  ,220 

- 

- 

Cru i se  at 

15,000  Feet 

A  i  rcraft 

290  TAS 

280  TAS 

Fue 1  for  290 

A  i  rcraft 

We i ght 

Fuel  per 

Fue 1  per 

TAS  Less  Fuel 

Fuel  for 

Eng i ne 

Eng i ne 

for  280  TAS 

4  Eng i nes 

(  1  bs) 

( 1 bs/hr ) 

( 1 bs/hr) 

( 1 bs/hr ) 

( 1 bs/hr ) 

90,000 

1  ,300 

1,215 

85 

340 

100,000 

1,310 

1 ,225 

85 

340 

1  10,000 

1,315 

1  ,  240 

75 

300 

120,000 

1 ,345 

1  ,  260 

85 

340 

130,000 

1 , 365 

1  ,  285 

80 

320 

140,000 

1 ,385 

1,310 

75 

300 

150,000 

1,410 

1 , 335 

75 

300 
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Appendix  P:  Estimated  Annual  Savings  for  the  Air 
National  Guard  and  Air  Force  Reserve 
C130E  Aircraft  Using  290  Knots  TAS 

This  appendix  shows  calculations  of  the  savings  which 
the  Air  National  Guard  (ANG)  and  Air  Force  Reserve  (AFRES) 
could  achieve  by  increasing  the  C130E  cruise  speed  from  280 
to  290  knots  TAS.  Cost  data  for  1989  has  been  used  in  this 
append i x . 

Estimate  of  Annual  Savings  for  the  Air  National  Guard 

Using  the  USAF  mission  profile  analysis  in  Chapter  IV, 
52.06  percent  of  ANG  C130E  missions  have  the  potential  to  be 
flown  at  cruise  speeds  of  290  knots  TAS  (13:1-15).  In  1989 
the  ANG  is  planned  to  fly  the  C130E  Hercules  for  17,470 
flying  hours  and  52.06  percent  of  this  total  is  9,094  hours 
(7).  Multiplying  the  potential  savings  rate  of  $1.1 5 (US)  to 
$24.01 (UL)  per  hour  times  9,094  hours  results  in  annual 
savings  of  $12,026(US)  to  $2 1 8 , 346 (US) .  The  0.5  percent 
accuracy  of  the  mission  profile  data  is  equivalent  to  87 
hours  for  the  ANG  (14).  Multiplying  87  hours  by  the 
potential  savings  rate  of  $1.15(US)  to  $24.01 (US)  per  hour 
represents  $100(US)  to  $2,089(US).  Therefore,  the  annual 
savings  for  the  ANG  are  estimated  to  be  in  the  range  of 
$11, 926 (US)  to  $22 1 , 084 (US)  If  a  290  knots  TAS  cruise  is 
used  instead  of  a  280  knots  TAS  cruise.  The  $12.58(US)  per 
flying  hour  midpoint  of  the  savings  times  the  9,074  hours  is 
equal  to  the  $114,150(US)  savings  the  ANG  could  expect  per 
year  at  1989  cost  factors. 
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Estimate  of  Annual  Savings  for  the  Air  Force  Reserve 


Using  the  USAF  mission  profile  analysis  in  Chapter  IV, 
46.18  percent  of  AFRES  C130E  missions  have  the  potential  to 
be  flown  at  cruise  speeds  of  290  knots  TAS  (13:1-15).  In 
1989  the  AFRES  is  planned  to  fly  the  C130E  Hercules  for 
21,591  flying  hours  and  46.18  percent  of  this  total  is  9,970 
hours  (7).  Multiplying  the  potential  savings  rate  of 
$1.15(US)  to  $24.01 (US)  per  hour  times  9,970  hours  results 
in  annual  savings  of  $11,465(US)  to  $239 , 379 (US) .  The  0.5 
percent  accuracy  of  the  mission  profile  data  is  equivalent 
to  108  hours  for  the  AFRES  (14).  Multiplying  108  hours  by 
the  potential  savings  rate  of  $1.15(US)  to  $24.01 (US)  per 
hour  represents  $124(US)  to  $2,593(US).  Therefore,  the 
annual  savings  for  the  ANG  are  estimated  to  be  in  the  range 
of  $11,341 (US)  to  $24 1,972 (US)  if  the  cruise  speed  is 
increased  from  280  to  290  knots  TAS.  The  $12.58(US)  per 
flying  hour  midpoint  of  the  savings  times  the  9,9/0  hours  is 
equal  to  the  $125,422 (US)  savings  the  AFRES  could  expect  per 
year  at  1989  cost  factors. 

Note  that  savings  have  not  been  calculated  for  the 
C130E  aircraft  operating  in  the  United  States  Forces  in 
Europe  because  these  C130E  aircraft  are  scheduled  to  fly 
1,500  hours  in  1989  and  the  USAF  does  not  maintain  a  unique 
mission  profile  analysis  of  these  aircraft  (6;14). 
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Appendix  Q:  Calculation  of  Hourly  Cost  Savings  at  290  Knots 
TAS  Using  1990  Maintenance  Costs 


This  appendix  contains  the  calculations  using  1990  USAF 
C130E  cost  data  of  the  effect  on  operating  costs  when  a  290 
knots  TAS  cruise  is  flown.  Table  XVI  shows  the  C130E 
Logistics  Cost  Factors  for  1990  in  terms  of  1990  do  I  lars 
which  were  approved  by  the  Air  Force  Cost  Analysis 
Improvement  Group  on  23  June  1989  (7).  The  fuel  cost  for 
1990  will  not  be  spec i f i ed  until  the  price  per  ga lion  is 
reviewed  in  August  1989.  The  planned  average  Operations  and 
Maintenance  fuel  consumption  for  1990  is  792  gal  Ions  per 
hour  (7).  These  cost  factors  are  used  to  calculate  the 
effect  of  a  290  knots  TAS  cruise  on  operating  costs  in  1990. 
The  effect  of  fuel  price  increases  on  the  calculated  savings 
from  a  290  knots  TAS  cruise  is  then  examined. 

Effect  of  a  290  knots  TAS  Cruise  on  Operating  Costs 

The  effect  on  operating  costs  when  the  C130E  is  flown 
at  speeds  faster  than  280  knots  TAS  can  be  demonstrated  with 
a  simple  example. 

Consider  the  cost  of  a  280  nautical  mi le  task  flown  at 
290  knots  TAS.  The  costs  for  the  task  can  be  calculated 
as  f o I  I ows : 

Flight  t ime 

=  distance  t  speed 

=  280  nautical  miles  t  290  knots  TAS 
=  0.9655  hours 
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Maintenance  costs 

=  number  of  hours  X  cost  per  hour 
=  0.9655  hours  X  *1,139(US)  per  hour 
=  *1 .099. 70(US) 

The  saving  in  maintenance  costs  by  flying  at  290  knots  IAS 
compared  to  280  knots  TAS  is  *1,139(US)  minus  *  1 , 099 . 70 (US) 
which  equals  *39. 30 (US). 


Table  XVI 

1990  Logistic  Cost  Factors  for  USAF  C130E  Hercules 


Aircraft  in  Terms  of 

1  990  Do  1  1 ars 

V 

Source:  7 

Variable  Cost  Per  FI 

ying  Hour 

Cost  Factor 

*(US) 

Consumable  Suppl i es 
Systems 

Genera  1 

I  19 

1  05 

Depot  Maintenance 
Replenishment  Spares 
Fue  1 

519 

396 

* 

Total  Variable  Costs 

*1 . 139* 

Fixed  Annual  Costs  Per  Primary 

Authorized  Aircraft 

Cost  Factor 

*(US) 

Depot  Maintenance 
Support  Equipment 

207,665 

19,361 

Total  Fixed  Costs 

*227,026 

*  i  nd 
i  s 

icates  that  the  fuel  pr 
under  rev i ew. 

ice  per  gal  Ion  for  1 
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Sensitivity  of  USAF  Operating  Costs  to  Fuel  Prices  in  1990 
Using  1990  maintenance  costs,  the  savings  for  the  USAF 
in  maintenance  costs  by  flying  the  C130E  at  290  knots  TAS 
were  shown  to  be  $39.30(US)  per  hour  before  any  penalty  for 
increased  fuel  consumption  was  considered. 

In  the  worst  case,  the  increase  in  fuel  consumption  by 
flying  at  290  knots  was  shown  in  Chapter  IV  to  be  340  pounds 
per  hour.  340  pounds  is  converted  to  53.125  gallons  by 
dividing  by  6.4  pounds  per  gallon.  For  the  $39.3G(US) 
decrease  in  maintenance  cost  to  be  equaled  by  the  increased 
cost  of  fuel,  53.125  gal  Ians  would  have  to  cost  $39.30(US) 
or  a  fuel  price  of  *0.7398(US)  per  gal  Ion. 

In  the  best  case,  the  fuel  consumption  may  only 
increase  by  180  pounds  per  hour  when  the  cruise  speed  is 
increased  from  280  knots  TAS  to  290  knots  TAS.  180  pounds 
of  fuel  is  equ ivalent  to  26.125  gallons.  If  28.125  gall ons 
cost  *39.30(US),  the  price  of  fuel  is  $1.39(US)  per  gallon. 
Therefore,  when  1990  maintenance  costs  are  used,  the  290 
knots  TAS  cruise  would  continue  to  generate  savings  over  a 
280  knots  TAS  cruise  on  all  flights  if  the  fuel  price  was 
less  than  *0.7398(US).  The  290  knots  TAS  cruise  would 
continue  to  generate  savings  on  some  fl ights  in  1990  unt i I 
the  fuel  price  reached  $1.39(US). 
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Appendix  R:  Route  Data  for  Computer  FI iqht 
Plan  Demonstration  FI iqhts 


This  appendix  shows  the  departure  and  destination 
airfields  used  in  val idating  the  affect  of  higher  cruise 
speeds  on  reducing  total  operating  costs.  The  International 
Civil  Aviation  Organization  (ICAO)  for  each  airfield,  as 
used  for  the  computer  fl ight  plan,  is  shown.  The  distances 
between  the  departure  and  destination  airfield  were 
extracted  from  the  computer  fl ight  plan  route  distance  and 
are  expressed  in  nautical  miles.  The  time  shown  is  derived 
from  the  length  of  time  displayed  on  the  computer  fl ight 
plan  from  take  off  to  destination  for  a  C130E  Hercules 
flying  at  280  knots  TAS.  Six  minutes  has  been  added  to  the 
computer  f I ight  plan  time  to  correspond  to  RAAF  and  USAF 
methods  of  recording  flight  time  for  maintenance  purposes. 
The  time  is  in  hours  and  minutes. 


Depar  ture 
Airfield 

Dest i nat i on 

Airfield 

F 1 i ght  D i stance 

T  ime 

(  ICAO 

Des i gnator ) 

(  ICAO 

Des i gnator ) 

( nau  t i ca 1  mil es) 

(hours  and 
m i nu  tes) 

Bu  t  terwor th 
(WMKB) 

S i ngapore 
(WSAP) 

347 

1  25 

Port  Moresby 
(AYPY) 

T  ownsv i  1  1 e 
( ABTL) 

585 

2  07 

Hon i ar  a 
( AGGH ) 

Kwa  j  a  1 e i n 
(PKWA) 

1,181 

4  25 

Hono lulu 
( PHNL) 

Trav i s 
( KSUU ) 

2,147 

7  56 
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Append i x  S : 


MACPLAN  Computer  FI ight  Plan  Parameters 


This  appendix  I ists  the  parameters  used  for  each  of  the 
MACPLAN  computer  fl ight  plans  used  in  this  study.  Each 
parameter  is  I isted  in  the  sequence  used  for  computer  input. 
The  “plain  Engl ish"  responses  to  the  computer  program  inputs 
are  then  given. 

Departure  and  Destination  Airfield:  ICAO  designator  as  shown 
i n  Append i x  R . 

Holdinq/AI ternate:  No  holding  or  alternate  requirements 

were  spec i f i ed . 

Type  of  Aircraft:  C130E  Hercules. 

Estimated  Time  of  Departure;  0000  Zulu. 

Pay  I oad :  As  shown  i n  T ab I es  XV  III  to  XX  III. 

Ar r i va I  Fue I  :  Standard  to  arrive  overhead  with  5,000  pounds 
of  fuel  plus  15  minutes. 

Weather :  No  wind  and  an  ISA  day. 

Rou te :  Publ  ished  jet  routes  were  selected  where  ava i  I ab I e . 

If  a  jet  route  was  not  available  then  a  direct  track  was 
used  . 

Pr o f i  I e :  Instrument  fl  ight  rules. 

Type  of  Cr u i se :  TAS  as  shown  in  Tables  XVI  I  I  to  XXI  I  I  . 

Performance  Index:  Optimize  fuel  or  Optimize  time  as  shown 

i n  Tab  I es  XV  I  I  I  to  XX  I  I  I . 

Operational  Weight:  80,000  pounds. 

Maximum  Ava i I ab I e  Fuel :  62,000  pounds. 

Drag  Index:  Plus  30. 


1  49 


Append i x  T : 


Analysis  of  MACPLAN  Demonstration  FI ights 


This  appendix  shows  the  analysis  of  the  MACPLAN  f I ight 
plans  which  were  used  in  Section  2  of  Chapter  V  to 
demonstrate  that  increasing  the  USAF  C130E  cruise  speed 
could  lead  to  a  reduction  in  operating  costs.  The  analysis 
includes  each  f I ight  plan  route  I isted  in  Appendix  R  and 
variations  of  payload  between  1,000  pounds  and  38,000 
pounds .  The  cl  ass ification  of  flights  as  shuttle,  short 
range  logistics  and  long  range  logistics  is  in  accordance 
with  the  mission  profile  analysis  in  Appendix  N. 

a.  Shuttle  with  1,000  Pounds  of  Payload.  The  short  range 
shuttle  was  fl ight  planned  over  a  distance  of  324  nautical 
miles  to  give  a  flight  time  of  80  minutes.  The  first  group 
of  five  flight  plans  used  a  payload  of  1,000  pounds  for  a 
comparison  of  the  operating  cost  when  flying  at  260,  280, 
and  290  knots  TAS.  The  280  and  290  cruise  options  were  each 
calculated  using  the  computer  fuel  optimization  and  the  time 
optimization.  The  variable  operating  cost  of  the  280  knots 
TAS  fuel  optimized  cruise  was  *  1 , 94 1 . 47 ( US)  .  Each  of  the 
different  types  of  cruise  was  compared  against  the  280  TAS 
fuel  optimized  cruise  as  this  is  the  current  method  used  by 
MAC.  The  cheapest  operating  cost  was  achieved  using  the  290 
knots  fuel  optimized  cruise  at  $  1  , 9 1 9 . 69 (US)  .  The 
difference  between  the  costs  of  *21.78(US)  is  equivalent  to 
a  saving  of  $16.75(US)  per  hour  based  on  the  duration  of  the 
290  knots  cruise.  The  280  knots  TAS  time  optimized  fl ight 
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and  the  290  knots  TAS  fuel  optimized  f  I  ight  were  both  78 
minutes  in  duration  but  the  time  optimized  fl ight  required 
over  400  pounds  more  fuel  and  therefore  costs  more.  The 
most  expensive  form  of  cruise  of  all  the  flights  is  the  260 
knots  cruise.  The  260  knots  cruise  uses  200  pounds  less 
fuel  than  any  of  the  other  cruise  techniques  but  the  f I ight 
takes  4  minutes  longer.  As  a  result  the  260  knots  TAS 
cruise  is  *56.24(US)  more  expensive  than  the  280  knots 
cruise.  The  260  knots  cruise  therefore  costs  *40. 17 (US)  per 
hour  more  than  the  280  knots  cruise.  The  consol idated 
r esu Its  of  these  flight  pi  a ns  are  shown  on  Table  XV I  I  . 

Tab  I e  XVII 

Shuttle  Flight  Over  324  Nautical  Miles 
with  1,000  Pounds  Payload 


Cru i se 

Opt im i ze 

F 1 i ght 

Fue  1 

Cost 

Sav i ng 

Sav i ng 

Speed 

T  ime 

Used 

per  Hour 

(TAS) 

(m i ns) 

(lbs) 

(*US) 

(*US) 

(*US) 

280 

f  ue  1 

80 

5 , 709 

1,941 .47 

— 

— 

280 

t  ime 

78 

6 , 249 

1 ,958.01 

-16.54 

-12.72 

290 

f  ue  1 

78 

5,847 

1 ,919.69 

21.78 

16.75 

290 

t  ime 

76 

6 , 424 

1 ,939. 75 

1  .  72 

1 .36 

260 

f  ue  1 

84 

5,566 

1 ,997.71 

-56.24 

-40. 1 7 

b.  Shuttle  with  38,000  Pounds  of  Payload.  The  290  knots 
TAS  fuel  optimized  cruise  is  the  cheapest  cruise  technique 
of  the  five  different  cruises  examined  for  a  shuttle  fl  ight 
of  824  nautical  miles  with  38,000  pounds  of  payload.  This 
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cruise  technique  is  $23.88(US)  cheaper  than  the  comparable 


280  knots  cruise  and  this  equates  to  savings  of  *17.26(US) 
per  hour.  The  time  optimized  f I ight  at  280  knots,  and  the 
slow  260  knots  TAS  are  respectively  *8.89(US)  per  hour  and 
*21.40(US)  per  hour  more  expensive  than  the  280  knots  T Pc 
fuel  optimized  cruise.  The  290  knots  TAS  time  optimized 
cruise  offers  savings  of  $12.93(US)  per  hour  over  the  280 
knots  fuel  optimized  cruise;  however,  the  high  fuel 
consumption  raises  the  price  above  the  290  knots  fuel 
optimized  cruise.  Table  XV 1  I  I  displays  the  results  of  the 
cost  analysis  of  these  *1 ight  plans. 

Table  XVIII 

Shuttle  Flight  Over  324  Nautical  Miles 
with  38,000  Pounds  Payload 


Cr u i se 

Opt im i ze  F 1 i ght 

Fue  1 

Cost 

Sav i ng 

Sav i ng 

Speed 

T  ime 

Used 

per  Hour 

(TAS) 

(m  i  ns) 

(lbs) 

($US) 

(*US) 

(*US) 

280 

f  ue  1 

85 

6 ,673 

2, 120.69 

— 

- 

280 

t  ime 

78 

8 , 077 

2,132.24 

-11.55 

-8.89 

290 

f  ue  1 

83 

6, 789 

2,096.81 

23.88 

17.26 

290 

t  ime 

7  7 

7,965 

2,  104. 1 

16.59 

12.93 

260 

f  ue  1 

87 

6 , 632 

2,151.71 

-31.03 

-21.40 

c.  Short  Range 

Log i st i cs 

w  i  th 

1000  Pounds 

Pay  1 oad 

A 

short  range  logistics  flight  over  586  nautical  miles  was 
then  examined.  Again  the  290  knots  TAS  fuel  optimized 
fl ight  was  cheaper  than  the  comparable  280  knots  cruise. 
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The  savings  resulting  from  the  290  knots  TAS  cruise  equate 
to  *19.22(US)  per  hour.  The  time  optimization  function  in 
MACPLAN  is  defined  in  the  computer  program  after  the  cruise 
technique  is  selected.  In  this  series  of  flight  plans  the 
time  opt im i zat . on  i s  3  ui  4  minutes  faster  than  the  fuel 
optimization.  However,  the  280  knots  time  optimization 
requires  4,000  pounds  more  fuel.  As  a  result,  the  280  knots 
time  optimized  cruise  costs  *140.86(US)  per  hour  more  than 
the  280  knots  fuel  optimized  cruise.  The  290  knots  fuel 
optimized  cruise  takes  133  minutes,  the  same  as  the  280 
knots  time  optimized  cruise,  but  the  290  knots  cruise 
consumes  3,723  pounds  less  fuel.  The  290  fuel  optimized 
cruise  therefore  is  *354.85(US)  (*3,584.24  minus  *3,229.39) 

cheaper  than  the  280  knots  time  optimized  cruise.  Table  XIX 
summarizes  these  results. 


Table  XIX 


Short  Range  Logistics  FI ight  Over  586  Nautical 
Miles  with  1,000  Pounds  Payload 


Cr u i se 

Op  t im i ze 

FI ight 

Fue  1 

Cost 

Sav i ng 

Sav i ng 

Speed 

T  ime 

Used 

per  Hour 

(TAS) 

(m  i  ns) 

(  1  bs) 

(*US) 

(*US) 

(*US) 

280 

f  ue  1 

137 

9,223 

3,272.00 

- 

- 

280 

t  i  me 

1  33 

13,232 

3,584.24 

-312.24 

-140.86 

290 

f  ue  1 

133 

9,509 

3,229.39 

42.61 

19.22 

290 

t  ime 

130 

1  1  ,045 

3,323.39 

-51.39 

-23. 72 

d.  Short  Range  Logistics  with  38,000  Pounds  Payload.  The 
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short  range  logistics  flights  over  586  nau tical  miles  with 


38,000  pounds  of  payload  showed  that  the  280  knots  fuel 
optimized  cruise  was  more  expensive  than  any  of  the  other 
types  of  cruise  technique.  Unlike  the  1,000  payload 
situation,  the  time  optimization  with  38,000  pounds  of 
payload,  planned  the  aircraft  to  climb  enroute,  and  the 
resultant  fuel  consumptions  are  not  very  different  from  the 
fuel  optimized  cruise.  The  290  knots  fuel  optimized  cruise 
offers  savings  of  $17.24(US)  per  hour  and  the  290  knots  time 
optimized  cruise  offers  savings  of  $30.16(US).  The  results 
of  this  analysis  are  shown  in  Table  XX. 


Table  XX 

Short  Range  Logistics  FI ight  Over  586  Nautical 
Miles  with  38,000  Pounds  Payload 


Cr u i se 

Opt im i ze 

FI ight 

Fue  1 

Cost 

Sav  i  ng 

Sav i ng 

Speed 

T  ime 

Used 

per  Hour 

(TAS) 

(m  i  ns) 

(  1  bs) 

(*US) 

(*US) 

($US) 

280 

f  ue  1 

142 

10,772 

3,506.97 

- 

- 

280 

t  ime 

1  36 

1 1 , 345 

3,456.79 

50. 

19 

22.14 

290 

f  ue  1 

1  38 

1  1 ,089 

3,467.32 

39. 

65 

17.24 

290 

t  ime 

133 

1 1 , 720 

3,440. 13 

66. 

84 

30.16 

e .  Medium  Range  Logistics  with  1,000  Pounds  of  Payload . 

Med i um  range  flights  were  planned  over  1,181  nautical  mil es . 
At  280  knots  TAS  this  distance  requires  a  f I ight  time  of  4 
hours  25  minutes  which  approximates  the  mission  profile 
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boundary  of  4.5  hours.  The  290  knots  TAS  tuel  optimized 
cruise  is  once  again  the  minimum  cost  technique  of  the  four 
options  considered.  Savings  of  $22.86(US)  per  hour  result 
in  savings  of  *97.53(US)  for  this  flight.  The  280  knots 
cruise  optimizing  time  consumed  25,563  pounds  of  fuel 
compared  to  17,412  pounds  for  the  280  fuel  optimizing  cruise 
resulting  in  negative  savings  of  $162.53(US)  per  hour.  This 
remarkable  difference  is  the  result  of  the  computer  planning 
for  the  aircraft  to  fly  at  9,000  feet.  The  290  knots  time 
optimizing  cruise  climbed  enroute  from  17,000  feet  to  19,000 
feet  and  final ly  to  21 ,000  feet.  The  290  knots  TAS  time 
optimizing  cruise  is  *18.98(US)  more  expensive  than  the 
current  normal  MAC  C130E  cruise.  The  280  knots  TAS  time 
optimizing  cruise,  flying  at  9,000  feet  and  consuming  over 
5,000  pounds  more  fuel  than  the  290  knots  time  optimizing 
cruise,  appears  to  be  an  anomaly  in  the  method  that  the 
computer  is  programmed.  This  apparent  short  coming  in 
MACPLAN  was  brought  to  the  attention  of  Lockheed  programmers 
and  has  not  yet  been  resolved.  The  summary  of  data  for 
these  flight  pi ans  i s  shown  in  Table  XX I  . 

f .  Medium  Range  Logistics  with  38,000  Pounds  of  Payload . 

The  fami I iar  pattern  of  the  290  knots  TAS  fuel  optimized 
cruise  being  less  expensive  than  the  comparable  280  knots 
TAS  cruise  is  repeated  for  the  medium  range  logistics  task 
carrying  38.0C0  pounds  of  payload  over  1,181  nautical  miles. 
The  savings  of  $12.85(US)  per  hour  are  reduced  from  the 
savings  of  *22.86(US)  when  the  aircraft  had  only  1.000 


1  55 


Table  XXI 


Medium  Range  Logistics  Over  1,181  Nautical  Miles 
with  1,000  Pounds  of  Payload 


Cru i se 

Opt im i ze 

FI i ght  Fue 1 

Cost 

Sav  i  ng 

Sav i ng 

Speed 

T  ime 

Used 

per  Hour 

(TAS) 

(m  i  ns)  (  1  bs) 

(*US) 

($US) 

($US) 

280 

f  ue  1 

265 

17,412  6 

,288.25 

— 

— 

280 

t  ime 

261 

25 , 563  6 

,995.27 

-707.03 

-162.53 

290 

f  ue  1 

256 

18,038  6 

,190.71 

9  7 . 53 

22.86 

290 

t  ime 

254 

20,271  6 

,368.61 

-80.37 

-18.98 

pounds  of  payload.  This  effect  can  be  predicted  from  the 
C130E  Performance  Manual.  The  time  optimized  cruises  at  280 
knots  suffers  from  a  cruise  altitude  of  11,000  feet  and  is 
$74.65 (US)  more  expensive  than  the  280  knots  time  optimized 
cruise.  Extracts  from  the  medium  range  logistics  flight 
plans  for  f I ights  with  38,000  pounds  of  payload  are 
summar i zed  on  T ab I e  XX  I  I  . 


Tab  I e  XXII 


Medium  Range  Logistics  Over  1,181  Nautical  Miles 
with  38,000  Pounds  of  Payload 


Cru i se 

Opt im i ze 

F 1 i ght 

Fue  1 

Cos  t 

Sav i ng 

Sav i ng 

Speed 

T  ime 

Used 

per  Hour 

(TAS) 

(m  i  ns) 

(lbs) 

($US) 

(*US) 

(*US) 

280 

fue  1 

273 

20 , 667 

6,738.22 

— 

— 

280 

t  ime 

262 

26,103 

7,064.21 

-325.99 

-74.65 

290 

fue  1 

266 

21 ,352 

6,681.25 

56 . 98 

12.85 

290 

t  ime 

256 

23,661 

6, 726.66 

11.57 

2.71 
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were  planned  over  2,157  nautical  miles  with  varying 
payloads.  Al I  of  the  f I ight  plans  were  planned  to  optimize 
fuel  because  of  the  trend  in  the  short  and  medium  range 
fl ights  for  the  time  optimizing  cruise  to  not  offer 
significant  savings  over  the  280  knots  TAS  cruise.  The 
payload  was  restricted  to  25,000  pounds  because  of  I imits  on 
the  take  off  weight  of  155,000.  Analysis  of  the  fl ight  plan 
data  shows  that  regardless  of  aircraft  weight,  the  290  knots 
TAS  cruise  has  lower  variable  costs  than  the  280  knots  TAS 
cruise.  As  the  aircraft  take  off  weight  is  increased  by 
increasing  the  payload  and  fuel,  the  savings  which  result 
from  the  290  knots  TAS  cruise  decrease  from  *17. 74 (US)  per 
hour  to  *13. 84  (US)  per  hour.  The  data  exfraottci  from  the 
long  range  flight  pi ans  is  d i sp I ayed  in  Table  XX  III. 

Table  XXIII 


Long  Range  Logistics  Over  2,157  Nautical  Miles 
(Al I  Fl ight  Plans  are  Fuel  Optimized  with  Varying  Payload) 


Cr  u  i  se 

Pay  1 oad 

F 1  i gh  t 

Fue  1 

Cos  t 

Sav i ng 

Sav i ng 

Speed 

T  ime 

Used 

per  Hour 

(TAS) 

(  1  bs) 

(m  i  ns) 

(lbs) 

(*US) 

(*US) 

(*US) 

280 

1 ,000 

476 

31 ,398 

1 1 , 306 . 76 

- 

- 

280 

10,000 

478 

32,462 

1 1 ,443. 10 

- 

- 

280 

20 . 000 

481 

34 , 264 

1 1 .667 . 25 

- 

- 

280 

25,000 

482 

35 , 427 

1 1 ,795.57 

- 

- 

290 

1  ,  000 

46  1 

32,717 

11,170.47 

136.28 

17.74 

290 

10,000 

463 

33,867 

11,315.02 

128.09 

16.60 

290 

20 , 000 

467 

35 , 663 

1  1  ,556.06 

111.19 

14.29 

290 

25,000 

4  70 

36,489 

1 1 ,687 . 19 

108.38 

13.84 
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Append : x  U:  Calculation  ot  the  Saving  in  Maintenance 
Costs  for  a  USAF  C130E  Flown  at  Speeds  of  295  and 

300  Knots  TAS 

This  appendix  shows  the  calculations  of  the  savings  in 
variable  maintenance  costs  for  a  USAF  C130E  when  flown  at 
speeds  of  295  and  300  knots  TAS.  The  calculations  use  a 
1989  variable  maintenance  cost  of  $1,048(US)  per  flying  hour 
and  a  fuel  price  of  $0.61 (US)  per  gallon.  Note  that  these 
savings  should  then  be  considered  in  terms  of  the  increase 
in  fuel  costs  required  to  achieve  the  higher  TAS. 

a.  Calculation  of  Cost  Savings  at  295  Knots  TAS.  Consider 
the  cost  of  a  280  nautical  mile  task  flown  at  295  knots  TAS. 
The  costs  for  the  task  can  be  calculated 
as  foil ows : 

F I i ght  t ime 

=  distance  f  speed 

=  280  nautical  mi  I es  t  295  knots  TAS 
=  0.9492  hours 
Maintenance  costs 

=  number  of  hours  X  cost  per  hour 
-  0.9492  hours  X  $1,048(US)  per  hour 
=  $994 . 76 (US) 

The  saving  in  maintenance  costs  by  flying  at  295  knots  FAS 
compared  to  280  knots  TAS  is  $1,048(US)  minus  $994.76(US) 
which  equals  $53.24(US).  Flying  the  C130E  at  a  TAS  of  295 
knots  saves  $53.24(US)  in  variable  maintenance  costs  when 
compared  to  the  same  fl ight  flown  at  280  knots  TAS. 
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b.  Calculation  of  Cost  Savings  at  300  Knots  TAS.  Consider 
the  cost  of  a  280  nautical  mile  task  flown  at  300  knots  TAS. 
The  costs  for  the  task  can  be  calculated 
as  f o I  I ows : 

F I i ght  t ime 

=  distance  t  speed 

=  280  nautical  mi  I es  f  300  knots  TAS 
=  0.9333  hours 
Maintenance  costs 

=  number  of  hours  X  cost  per  hour 
=  0.9333  hours  X  4  1.048OJS)  per  hour 
=  *978. 10(US) 

The  saving  in  maintenance  costs  by  flying  at  300  knots  TAS 
compared  to  280  knots  TAS  is  *1,048(US)  minus  *978.10(US) 
which  equals  *69.90(US).  Flying  the  C130E  at  a  TAS  of  300 
knots  saves  *69. 90 (US)  in  variable  maintenance  costs  when 
compared  to  the  same  fl ight  flown  at  280  knots  TAS. 
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Appendix  V:  Calculation  of  Increased  Fuel  Consumption  for 
295  knots  and  300  knots  FAS  Cruises  to  Break  Even 

This  appendix  shows  the  calculations  of  the  increase  in 
fuel  consumption  per  hour  which  is  available  for  the 
variable  maintenance  savings  to  be  balanced  exactly  by 
increased  fuel  costs  when  cruising  at  295  and  300  knots  TAS. 
The  calculations  use  a  fuel  price  of  *0.61  (US)  per  gallon  and 
the  variable  maintenance  savings,  of  *53.24(US)  for  a  295 
knots  TAS  cruise,  and  *69.90(US)  for  a  300  knots  TAS  cruise, 
as  calculated  in  Appendix  Q. 

a.  Cruising  at  295  Knots  TAS.  It  the  cost  of  flying  at 
295  knots  TAS  is  to  be  the  same  as  flying  at  280  knots  TAS, 
then  the  decreased  maintenance  cost  must  be  equaled  by  a 
increase  in  fuel  costs.  The  additional  quantity  of  fuel 
which  must  be  consumed  by  flying  at  295  knots  TAS  can  be 
found  as  fol lows: 

Increased  fuel  consumption  to  break  even  on  costs 
=  maintenance  cost  saving 
=  *53 . 24 (US) 

=  *53 . 24 (US)  t  *0.61 (US)  per  gallon 
=  87.28  ga I  I ons 

=  87.28  gal  Ions  X  6.4  pounds  per  gal  Ion 
=  558.59  pounds 

Since  the  f I ight  at  295  knots  took  0.9492  hours  the  fuel 
savings  required  to  break  even  per  hour 
=  558.59  pounds  t  0.9492  hours 
-  588  pounds  per  hour 
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Therefore  a  cruise  at  295  knots  TAS  can  consume  588  pounds 


per  hour  more  fuel  and  the  total  variable  cost  of  the  fl ight 
will  still  be  the  same  as  a  flight  f I  own  at  280  knots  TAS . 

If  the  fuel  consumption  increase  is  less  than  588  pounds  per 
hour,  then  a  285  knots  TAS  cruise  will  result  in  net  savings 
to  the  USAF  for  costs  calculated  in  1989. 

b.  Cruising  at  300  Knots  TAS.  If  the  cost  of  flying  at 
300  knots  TAS  is  to  be  the  same  as  flying  at  280  knots  TAS, 
then  the  decreased  maintenance  cost  must  be  equaled  by  a 
increase  in  fuel  costs.  The  additional  quantity  of  fuel 
which  must  be  consumed  by  flying  at  300  knots  TAS  can  be 
found  as  f o I  lows: 

Increased  fuel  consumption  to  break  even  on  costs 
=  maintenance  cost  saving 
=  *69 . 90 (US) 

=  *69 . 90  ( US )  *0.61  per  gallon 

=  114.59  ga I  I ons 

=  1  14.59  gal  Ions  X  6.4  pounds  per  gal  Ion 
=  733.38  pounds 

Since  the  f I ight  at  300  knots  took  0.9333  hours  the  fuel 
savings  required  to  break  even  per  hour 
=  733.38  pounds  f  0.9333  hours 
=  785  pounds  per  hour 

Therefore  a  cruise  at  300  knots  TAS  can  consume  785  pounds 
per  hour  more  fuel  and  the  total  variable  cost  of  the  fl ight 
will  still  be  the  same  as  a  flight  fl own  at  280  knots  TAS . 
When  the  increase  in  fuel  consumption  is  less  than  785 
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Appendix  W:  Calculation  of  Aircraft  Operating  Costs 

Using  FI ight  Planning  Computers 

This  appendix  uses  the  methodology  within  this  study  to 
calculate  the  aircraft  operating  costs  for  a  tl  ight.  The 
calculations  could  be  used  by  aircrews  of  USAF  aircraft 
wh i ch  utilize  compu  ter  flight  planning  facilities.  The 
appendix  specifies  the  outputs  reguired  from  the  computer 
fl ight  planning  system,  the  inputs  required  from  the  Air 
Force  Cost  Center  and  the  operating  cost  calculations. 

Inputs  Required  from  Current  Computer  FI ight  Plan  System 

The  inputs  required  from  the  computer  fl ight  plan  system 
are  as  foil ows : 

Fl ight  time  in  minutes  =  Fl 

Fuel  Consumption  in  pounds  per  hour  =  FU 

Inputs  from  Air  Force  Cost  Center 

The  inputs  required  from  the  Air  Force  Cos*-  Center  are 
as  foil ows : 


Cur  rent 

fuel 

cost 

... 

FC 

Current 

var  i 

able  maintenance  costs  from  AFR 

1  /  3  -  1  3  - 

MC 

1  he  var 

iab!e 

ma  i  n  t 

e nance  costs  listed  in  AFR 

i  /  3  13 

are 

t  hose  wh i c h 

var  y 

pei  f 

lying  hour.  These  are  Flyi 

n  g  Hour 

Cl  isum.ib  I  i;  Suppl  i  es  (Systems  and  General)  ,  Var  table  Depot 
Maintenance,  and  Replenishment  Spares.  Note  that  these 
costs  should  be  the  latest  ava  i  I  ah  I e  cost  data  expressed  in 
terms  of  t  he  current  year  dot  I ar s .  I hese  data  ere  ava i  lable 
direct  tr  wr  the  Air  lorce  Cost  Center 
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Operating  Cost  Equation 

The  variable  direct  operating  costs  for  any  fl ight  is 
the  sum  of  the  fuel  cost  and  the  maintenance  cost.  The  cost 
of  a  f I ight  is  therefore  calculated  as  fol lows: 

Cost  of  a  F I i ght 

=  Fuel  Cost  +  Maintenance  Cost 

Fue I  cost 

=  Fuel  used  in  pounds  X  6.4  X  Fuel  cost  per  gal  Ion 
=  FU  X  6.4  X  FC 

where 

6.4  pounds  of  fuel  =  1  gal  Ion 

Corrected  FI ight  Time 

The  fl ight  time  calculated  in  the  computer  f I ight  plan 
is  corrected  by  adding  six  minutes  to  account  for  the  USAF 
technique  of  recording  fl ight  times. 

Corrected  Fl ight  Time 

=  Fl ight  time  in  minutes  +  6  minutes 
=  CFT 

Maintenance  Cost 

=  l  (Corrected  Flight  Ti me  in  minutes)  t  60]  X  (Variable 

Maintenance  Cost  per  hour) 

=  [CFT  f  60]  X  MC 
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The  purpose  of  this  research  study  was  to  examine  a 
proposal  to  reduce  C130E  Hercuies  operating  costs  in  the 
Royal  Austral ian  Air  Force  (RAAF)  and  the  United  States  Air 
Force  (USAF)  by  increasing  cruise  speeds.  The  current  fuel 
conservation  pel i c i es  in  the  RAAF  and  USAF  do  not  consider 
the  effect  of  the  po I  icy  on  aircraft  operating  costs. 

RAAF  C130E  cost  data  were  found  to  be  i  nva I  id.  The 
study  quantified  major  differences  in  the  depot  servicing, 
contract  servicing,  and  in-house  servicing  for  RAAF  C130E 
and  C130H  Hercules  aircraft.  The  study  suggests  that  the 
RAAF  should  improve  the  accuracy  of  C130E  cost  data  to  al low 
a  va I  id  assessment  of  the  operating  costs  over  the  aircraft 
I  i  f e  eye i e . 

USAF  C130E  cost  data  was  readily  divided  into  fixed  and 
variable  costs.  The  variable  maintenance  costs  were  founcr 
to  be  more  than  double  the  hourly  fuel  costs.  FI  ight  Manual 
data  and  mission  profile  data  were  used  to  show  that  the 
USAF  could  save  $94,613  to  $  1  , 9 79 , 227  ( US )  in  1989  by  flying 
selected  missions  at  290  knots  instead  of  280  knots  true 
airspeed  (TAS) .  The  midpoint  of  the  calculated  savings  is 
$12.58(US)  per  flying  hour  which  represents  USAF  savings  of 
$1,027, 017  (US)  per  year  for  1989  cost  factor  o . 

The  Lockheed  MAC P LAN  computer  fl  ight  plan  system  was 
used  to  verify  the  theoretical  calculations.  Savings  of 
$5.  17  (US)  to  $  1 5 .  1 8 ( US)  per  flying  hour  were  demonstrate a 
using  290  knots  TAS  over  short  and  long  range  missions  with 
varying  payloads.  The  sensitivity  of  the  calculated  savings 
to  changes  in  fuel  and  maintenance  prices  was  also  examined. 

The  study  concludes  that  USAF  C130E  operating  costs  can 
be  reduced  by  increasing  cruise  speeds.  The  study 
recommends  that  the  USAF  introduce  290  knots  TAS  cruise 
procedur  ‘S  immediately  because  of  the  reduction  in  operating 
costs  and  because  there  are  no  implementation  costs. 
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